Radiative and Electroweak Rare B-Decays
— B decays with Iepton(s) and photon —
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Outline —-B decays with lepton/photon

Inclusive B — X,y (no new BF since ICHEP 02)
B — K*y, B — K¢y, B — baryon + y (FPCP 03)
B — Ky (LP'03, new result)
B — py, wy (Moriond’ 03)

B — K¢*¢~, B — K*¢"¢~ (LP 03 new result)
Inclusive B — X "¢~ (LP 03 new result)

B — Kvv (FPCP 03)

B = zu ol All results are preliminary,
B — uv (EPS03) . =
unless jornal ref. is given

Bjs — "¢~ (LP 03, new result)



~ What we wish is a theory (and experimental evidence) beyond SM,

®

b - Sy penguin

Leptons and photons are our friends, providing clean B samples for SM or beyond
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b— sy

=
%

@ Penguin diagram can accommodate
heavy new particles (SUSY, H") u,d

b - Sy penguin

@ Formulated in an effective hamiltonian: Heg o< Y10 Ci(1)Oi(1)

GZ 5
['(b — sy) = F327z . b |V;*5th|2 (IC‘;ff 2+ 1/my, 1/m, Corrections)

Normalized with b — ctv: (Gzm; V;th|2 cancels by assuming |V;, V| = V)

QoM

@ Probe new physics through Wilson coefficient |Co|,
NLO calculation for SM and various new physics scenarios

‘ Acp InNn B — XS)/
b — sy penguin < b — sg (charm loop contribution),
Acp If new CPV phase in b — sy — very small (< 1%) in SM

@ Tool for B-meson dynamics
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B — X,y

E, signal sits underneath a huge background

@ Continuum = off-resonance subtraction
On:

@ ' background from B decays
= B — nt°X spectrum measurement

Three types of analyses

@ Semi-inclusive (pseudo-reconstruction) | — Spectator Model |
technique (Belle/BaBar)

> 40 :
@ Inclusive y measurement + various § [
background suppression (CLEO) z [l J |
@ Inclusive y measurement + B tag with lepton £ -] +++++++ S
(BaBar) | 5 !
E, cut — source of large model error *

I Total
I~ Continuum ISR
I~ Continuum 52
I BB

[ bosy

#4's [ {50 MeVY'i pb

Off =2:1 (CLEO), 9:1 (Belle/BaBar)

00000000000
T T

+ Data

2.0 GeV (CLEO), 2.1 GeV (BaBar), ~2.2 GeV (Belle) *° 25 o &5 5
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B — Xy branching fractions

Gambino and Misiak

; + + +0.4 -4
E &I%ogormm [54.6 b ] | (3.8820.3620.37 ; »3)x10

BaBar [20.7 b , L — . | (4.320.5+0.8+1.3)x10™
hep-ex/0207074
- +0.1 -4
%&%9807(2001)[9.1 ) H—l—t (3.21+0.43+0.2710)x 10
- +0.5 -4
§§LI1§151(2001) (5.8 fb] it (3.36+0.53+0.42 70 )x 10
EPH  [a1im# R DN I (3.110.80+0.72)x10™
PLB429,169(1998)
-4
+
CJessorpa(‘g%-PUB-gelo) = (3.3440.38)x10

2 3 4 5 6
BF(B - X y)x10

No deviation from SM — many constraints on new physics
Theory — need to go from NLO to NNLO
Measurements — need to lower E,, (more data)
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To further reduce errors:




b — sy beyond the SM

500

400

My [GeV]

200 H

100

T | I |

T B- Xgy ——
BT s |

B-SX TV e
DIRECT --ereeer T
TYPE Il 2HDM |
1 |'I ......... I | | _

10 20 30 40 = -
tan 3

L ower bounds on type-I|
charged Higgs mass (w/o SUSY)
Gambino-Misiak, Nucl. Phys. B611, 338

Type-11 charged Higgsis very heavy, unless destructive SUSY contributions

resummed <
=
——— NLO »
1=
n
A
A=-500 GeV e}
o
m
Exp. allowed
0 10 20 30 40
tanp

e}

o)
T

2

resummed A=500 GeV
——— NLO
u= 500 GeV
\\
Exp. allowed ~o
~
0 10 20 30 40
tanf

70 . . .
BF in particular MSSM scennario Carenaet al., PLB499, 141
m(H") = 200 GeV, m(f) = 250 GeV, others 800 GeV

type-|
type-11

get masses from couplingsto H; (realized in MSSM).

both up and down quarks get their masses from the same Higgs doubl et

up quark masses from Yukawa couplings to H,, while down quarks
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Exclusive decays — b — K™y

qoo T T T T T T T T T T T 00

* - : ]
Very clean K*y signal K @ Ky ) Ky |
"0 300 Yield 482.3 +25.6 ] Yield 236.5 +17.9 150 o
K*O — K+n— KO,RO 2250;— 1 — : g
N 0 +, _S|_ 0 B 200 |- 1 100
* = C T+ T T =
K™ — KST( : K™t g 150F 1 3
EIOO 3 1 50 E

505‘ By A _5: +
0 EI I + ++_._"‘++++ X ++,; + ++ +_.§_. .'f‘-'— ++ T :,++++ Lo+ 1:0
‘ Large theOI‘y €rrors B R e RN I M i Y

Krtinvariant mass (GeV/c 2)

for branching fractions
@ Sign of isospin asymmetry tells the sign of C¢/Cy7 (A, (SM) > 0)

@ Belle result [FPCP 03, 78 fb™!]

. (Tp+ /Tp0)B(BY — K*Oy) -B(B* - K*y)
Mow = ) 1B o K = T0.003 £ 0.045 £ 0,018

Using 7+ /tp0 = 1.083 + 0.017 [PDG2002], assuming f+/fo =1

@ Need a precise f./ fo before conclusion: Bele f./f, = 1.01 + 0.03 + 0.09
[PRD67,052004(2003)], PDG2002 f../ fo = 1.072 + 0.057
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B — K"y results

Bosch and Buchalla

Belle KOy (781’ L (4.09+0.21+0.19)x10™°
FPCP’'03
BaBar K °y [20.7 0% el (4.23+0.40+0.22)x10°
PRL88,101905(2002)
CLEO K™°y [9.1fb%] ot (4.55+0.70+0.34)x10™
PRL84,5283(2000)
Average K Oy o (4.17+0.23)x10™
HFAG (LP’'03)
Belle K’y [78fb7] e (4.40+0.33+0.24)x10"°
FPCP’'03
BaBar K ' 1207167] | e (3.83+0.62+0.22)x10"
PRL88,101905(2002)
CLEOK 'Y (01" | —d—1L (3.76+0.86+0.28)x10™
PRL84,5283(2000)
Average K Ty o (4.18+0.32)x10™
HFAG (LP’'03) o

4 *6 5 8

BF(B - K'y)x10

@ AIll measurements agree

@ Some theoretical debate on the B — K* form factor
Light-cone sum rule (LCSR): F5~*'(0) = 0.38 + 0.05

Extracted from measurements: F>~* (0) = 0.27 + 0.04
New preliminary Lattice: F5~* (0) = 0.25 + 0.04 (!?) [Becireviceta]
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B — K’ (1430)y

CLEQ, Belle have observed B — K’(1430)y, and now BaBar has joined.
K (1430) — K7t (50%), Helicity angle distribution: cos® 0} — cos* 0y

S o T T T T T T ; T R

S o DABAR preliminary 1 3

© _FBYO — K*(1430)° i 8 ] .

g >(1430)7y < 1 ML fiton Mgs, AE, cos Oy
: %}i Mgs = Mo = |y = P3P

20;_ % AE E* - E:t;eam
g.Z 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 -%.3 I -OI.2 I -Ol.l I (I) I O!l I 0!2 I 0.3
(@ m. (Gevic?) ()  AE (GeV) .

) ~ 5.80 for K;(1430)"y
J K} — K*n
| 4.10 for K;(1430)*y

Kyt — K*mY, Kgn+

0O 01 02 03 04 05 06 0.7 08 09 1 0O 0.1 0.2 03 04 05 06 0.7 08 09 1
(c) |cos6,| (d) |cos6,|
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B = K’ (1430)y results

B(B” — K;(1430)"y) B(B* — K;(1430)*y)

CLEO: (16.61727 + 1.3) x 10~° (combined) [PRL84,5283(2000)]
Belle: (13+£5+1)x107° — [PRL89,231801(2002)]

BaBar: (122+25+1.1)x107° (144+4.0+1.3)x107® [LP03new]

[SM: for example B(B — K;,y) = (17.3 + 8.0) x 107°, Vesdli-Olsson PLB367,309(1996)]

~ F B B LI B A — L B L B
S BABAR preliminary 3§ £ 30 BABAR preliminary 3
g 0, K2(1430)°y 1 & B* — K(1430)*y
O 5 B” — K3(1430)%y O 25 — K5( )Ty -
S 30 S 20: _
NP 2 f_J
g 2 g B
c C c C
o I5p O 100

| ] + _

| | L | | | L ? O:| AR T A T T T AT T S A NN N SN T AN SN T SO (R SN

;

22 1.2 1.4 1.6 1.8 2 22,
i (GeVic) M. (GeVic)
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More exclusive radiative decays

@® B - Knmry (Belle)
BB* - Kt y) = (24 + 5J_ré21) % 106
@ K77~y for mixing-induced CPV for non-SM phase? (alaB — ¢KJ)
K?m"y is challenging
Proposed: BY — K1(1270)V — Kgpoy [D.Atwood et al., PRL79,185(1997)]

But hard to disentangle Kp (CP) and K*7t (non-CP) states.
[Belle29 fb~!, PRL89,231801(2002)]

N
o

%)

o B J 1 data o B I 1 data
2 - —— total 2 30 —— total
= 30 - [0 K*ny = . [0 Kpy
8 - /\\@M\reg\ 1 C—] aq ~
= - / B b sy o 20 ES p_sy+BB
o
> C (1)
(] : Iz m o
10 ;ﬁw N 10
i ] | — =
o W/%V
0 0 R
0.5 0.75 1 1.25 1.5 = 0.8 1 1.2 14 1.6 ,
M_(GeVic) M, (GeVic)
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B — Koy (Belle)

[Belle 90 fb~! FPCP 03]
@ New observation of B¥ — K*¢y (b — sssy) — very clear signal!

14

o | "o 5] o
212_- B* — ¢K*y gzo:— W B — ¢K+)’ g N B’ - qng)/
<l N 3 -
- gl D st - ~ |
2 ° ° [ ¢ — K'K 2
o 6 % [ / o 2f /
5 - ZlO_— ? 5
z 4 l l o z |
| Jejee [[1 (1]1] st b ol ononn
zToH.| i |||+ lTT|+ + AL il e g!/I-I- | /
LA s AL & L o N e w1
%.2 5.22 5.24 5.26 5.28 1 105 11 115 12 125 %.2 5.22 5.24 5.26 5.28
M,., GeV/c’ M (K'K'), GeVI/c? M., Gev/c®
BBt > K*dpy) = (34+0.9+0.4)x 107 (5.50)
B(B° - K'py) = (4.6+2.4+0.6) %107 (3.30)

< 83x107°(90% C.L.)
@ About 1% of total b — sy

® B’ — K¢y will be useful for mixing-induced CPV search
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B — Apy search (CLEQO)

[B(B — Apy) + 0.3B(B — Z%y)
[B(B — X%y) + 0.4B(B — Apy).

E,>2 GeV <33%x107°
E,>2 GeV < 64X 10_6

considering isospin (p < n) and other resonances (N(1232)...),
Br(B — y + any baryon)g »»0Gev < 3.8 X 107 (< 13%)

AE (GeV)

-0.2

~0.4}

*1850403-001
T T

0.2

ls

I~ On-Res
0.4

L]
onance Data*
L]

0 . .

!

[ ]
“| Below-Resonance Data «

. H/A;?y signal box
=1 signal box

1 PRD68,011102(2003)

l l o 1 l L® l hd [ l l
5.00 5.05 5.10 5.15 5.20 525 5.00 5.05 5.10 5.15 5.20 5.25

Mg (GeV/c?)

Uncertainty in baryonic b — sy is within the quoted error by CLEO
Systematic error is less than 6.5%(38 and (E,)), 36%((E;) — (E,)*)
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= sy sharcholders

B — K*(892)y (12.5%)

B — K;(1430)y (4%)

(K*rty and Kpy excluded)

B — K*ﬂ)/ (90/0)
B — Kpy (9%)
B — KQZS)/ (10/0)

rest of b — sy (65 + 6%) Kn(mt)y where n > 3

baryons +y (< 13%)
Mode withnorn’, 9
KKKn(n)y (#Key),

35+ 6% ofb — sy orin M(X;) > 2 GeV

has been measured exclusively. =
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Direct CP asymmetry in B — K™y

[Belle FPCP' 0378 fb~!]
@ B > K'yistheeasiestwayto [ 2" r!' {8y |

find a direc_t CP asy_mmetry I % vield F vield g

B = X 7/ If any eXIStS %40-— 342.6+21.1+3.2 ll \‘ “ 343.1+21.2+3.1 ‘ -540 %

g 305— —— J —530 é

@ Wrong-tag fraction is very small £ =} I l o &

uHM I A m' I S R nF 1
wuuuuwuuu[r R [ Y } ]
'.“LlhJ L.lru..h naflananflag abeciliedsi Llfl ﬂmh..JLL.““J.“L._.Mh—.-.-.mk‘.u....:

0
5.2 5.22 5.24 5 26 5 28 5 2 5.22 5.24 5226 5.28 53

Beam-energy constrained mass (GeV/c °)

(w = 0.9% for Belle)

=
o O

Belle (78] . (-0.1%4.4+0.8)x10 B
FPCP’'03 L A 1 ( )—N(B)
BaBar [20.7fb"] . (-4.4+£7.6x1.2)x10 CP = T N(B)+N(B)
PRL88,101905(2002) — 0 _
CLEO  [oafb’] . (8+13+3)x10" B=B"orB
PRL84,5283(2000) . 0 +
Average | (-0.5+3.7)x10" B=pB"orB

HFAG (LP’03)

20  -10 0 10 , 20
Acp(B - Ky)xlO

@ No deviation from zero: Acp(B — K*y) = (=0.5 +3.7)%
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Direct CP asymetry in inclusive B — X,y

@ There has been CLEO measurement only [PRL86, 5661, 2001, 9.1 fb™']
ACLEO = 0.965 X Acp(B — Xsy) +0.02 X Acp(B — Xy7)

= (—=0.079 £ 0.108 + 0.022) x (1 + 0.030)

Acp(b — dy) can belarge with asign opposite to Acp(b — sy) in SM, even though
b — dy isvery small

@ New measurement by Belle (140 fb™)
with pseudo reconstruction a la previous Belle B — Xy
M(X;) < 2.1 GeV (admost equivalent to E,, > 2.2 GeV)

Self-tagged if X; is charged or odd number of K*
ambiguous only if X; is neutral and even number of K*

Three wrong-tag fractions: wq (==%F), wy (0==), w3 (£=0)
1—ZU2—ZU3 XN_—N+
(1 —w2)(1 — 2wy —w3) N-+ Ny + (w2/1 — wz)Ny

ACP =
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X5y breakdown (Belle)

Xs. KT or Kg + up to 4 pions (up to 1 %) or K(5yK*K~(7*) combinations

12

Kmy Knmy Knmmy Knmnmy KKK(m)y

—~ 20[ — — 24r «— —
L B L r L - S i L
> - > 60 > > 10 > 6
S asp s e Tk g Tt g
3t g g 16F ' g 8r S
= r = 40 = - ). = = |
2 10f g “f 2 1p 2 o g
[ r [ - o F A o L @ L
s F S Lol 5 ' 3 4 [l s Lf
5F ].n |_| 20 1LY | y =! i 2
o 1 P I _ 3 Z;LH_L[ i
Oj.”\l\‘\\\—lﬂ-'\\l\_l\'-l\u\\\ L L 07\\\\‘\u\\\‘\\\\‘\\\\ Il O:\\\\‘\\\\‘\\\\ L1l L1 | h O’\\\\‘\\\ ‘\\\\‘\\\\‘\\\ O:I_l I nl—l | i ‘\
524 525 526 527 528 529 524 525 526 527 528 529 524 525 526 527 528 529 524 525 526 527 528 529 524 525 526 527 528 529
M, (GeV/c?) M, (GeV/c?) M, (GeVic?) M, (GeVic?) M, (GeVic?)

63 + 10 event 306 + 21 event 96 + 17 event 16 £ 11 event 9 + 4 event

13% of data 63% of data 20% of data 3% of data 2% of data
without 7° with ¢ @ Breakdown measured for

T o M(X;) > 1.15 GeV (excluding K*y)

i - @ Measured relative fractions are used to
RS W evaluate the efficiency and wrong-tag
e P> Bevid) ISP Bevid) fraction.

322 + 24 event 160 = 17 event

0) (0)
67% of data 33% of data Radiative and Electroweak Rare B Decays— Mikihiko Nakao — p.18/46




Acp(B — X;y) results (Belle)

B> X,y B — Xy ambiguous

S b ldata o I 1 data G 15 — J Ldata
2 90 — total 2 80 — total > — total
= BB +qqg background = BB + qq background = —— BB +qq background
e V] BB background > 22 BB background % 10 - &Z2 BB background
= 40 € 40 — = =
()] (&) - ()]
> > >
T, w w B
20 20 — S
= ,_r IJ_LI I _ul"-'_| '_‘J_l |‘ ‘L
- LI
- U NRi=iRnnG
O 2 s s s 2 e za s Zs 2o oo wa we ue. N (2 2a2a2s 2 s vaiva va ws s e s e wa wa e O_VV,”'V. —tl—. L
5.24 5.25 5.26 5.27 5.28 5.29 5.24 5.25 5.26 5.27 5.28 5.29 5.24 5.25 5.26 5.27 5.28 5.29
M, (GeV/c?) M,.(GeVic?) M, (GeV/c?)
+7 +7 +14
342 +23 77, event 349 £ 2377, event 47.8 + 8.7 7 ¢ event

\_/ W
wq = 0.019 + 0.014 wyr = 0.240 £+ 0.192 w3 = 0.0075 + 0.0079

ACP(B —> XSV)M(XS)>2.1 Gev = —0.004 + 0.051(stat) =k 0038(Sy8t)
~0.107 < Acp(B — Xs7) < 0.099 (90% CL)
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Acp(B = X.y) = —0.023 + 0.055
~0.113 < Acp(B = Xs7) < 0.067 (90% CL)

Cutting into the SUSY (MSSM)
parameter space, especially for

the light chargino case.

-
%
-
7
.=
=
=
>
<
T
aa
5
i

Acp(B — K*y) band may be model

dependent
—0.066 < Acp(B — K*y) < 0.056 (90% CL)

[ CPV phase from mass matrix of xy* and f]

HFAG (if no Acp(B — X,y) in CLEO)




B = py, wy

@® v — dy mode

I
w

R

T "{ T

b)

T T

r T

- Continuum MC

o Off-reson. Data
— BO->D-1tt MC
e BO->D-1tt Data

8 J

Branching fraction ~ 1 x 107°

Mode to measure |Vy;/ V4 -
Independently from Am;/Amg -

Direct CPV could be large

Frac. Events / 0.04
=) o
ey

G001
0.8

\ ik bl
04 0.6

. . 1.0
@ More continuum background than K*y! Neural Network Output
(more p, wider p mass, more pions) 1— o g 101

Optimized neural net of event shape, 0.0 ° K] 15085
helicity, z vertex displacement > R
\ . . . €08 0,065
@® B — Ky — kaon rejection is essential -3 BaBar g
1-2% kaon fake at 80% pion efficiency {5 0.7 0.04=
+||: QP o 1 é
a 0.6 % *O.OZ_H
, Oy . ¢
A Gamati
%1 2 3 &

P, (GeVic)
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[BaBar hep-ex/0306038 78 fh™!]

0.3 Beudon
No B — py, wy yet e
[Belle Moriond’ 03 78 fbh™1] :

F 0)
4 } p yJ’
pﬂ ................... ]T | N
07 __ﬁ\réww| §

= . - . . . AE(GeV)I @D/
4 — + *
N3 Py p
, U] )
1J‘| '''' J e —I:r\P

03 0.2 0.1 0 0.1 0.2 0.3 Acl);( Gevc)).s 0.2:_ .. . C) N
, _ 0.1- —
s b wy 0 -
. — _ -0.1:— . . .‘-. * -
05 ; A —0.2_—_ . e . . . . _ __
%0z 0z o1 ‘5‘\3‘.1‘ ez 05 o4 os B R R F RV, TS, T TR T

AE(GeV) mgg (GeV/c?)
mode Belle BaBar CLEO L CSR [Ali-Parkhomenko]

Bt - pty <27x107® <21x10® <13x107® (0.90+0.34) x 10°°
B - p% <26x10® <12x10® <17x10°® (0.49+0.18)x10°°
B> wy <44x10° <10x10° <92x10° (0.49+0.18)x10°°
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B — py towards V;; (BaBar)

Using isospin relation (T(py) = T(p*y) = 2I'(p%)), B(B — py) < 1.9 x 107°°

7 \3

BB — py) thz 1—m[2)/mB ,
= 1+ AR| < 0.047 (90%C.L.
B(B N K*Y) V. 1 _ m%(*/m% Cl ] ( 0 )

Using LCSR: C =0.76 £ 0.10, AR = 0.0+ 0.2 = |V;/ V4| < 0.34
However, form factor debate again: new lattice gives C = 0.91 + 0.08!
— [Becirevic et al, preliminary]

1
0.8 _ ///
R(OY/KY) / “Reovi Y

. / / New lattice result
0.6 Lo /
0-4 _ i"/ ;

I i .

I ! i ]
0.2 _— : !’ 1 [Lunghi, hep-ph.0307142]

: | ' '

ot :

1 05 o 0
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u,d u,d
b - sll penguin b - sll box

Formulated as a function of § = g°/m; = (M(£*(7)/my)?

2
dFd?—»s€+€‘)__(ae )ZC?Z m |V V|
ds \4rn 4873

[(1 + 29) (|Ceff > +1CsH |2) +4 (1 + )lCfo ? + 12Re (CeffCeff)] + COIT.

(1 -3)

@ NNLO calculations (up to cc threshold)
@ Sensitive to Co, Cy and sgn(C7), (|C;| from b — S)/)

O q2 distribution, Forward-backward asymmetry (Agp)
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Constraints on C9 and C10 (summer 2002 data)

[Lunghi hep-ph/0210379]

=l | | : — 157

.15 “10 5 0 5
& )
@ Cutting out some non-SM Cg and C space from b — s{*{~
with a |C;| constraint from b — sy

@ But sign of C; is not determined yet
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B— K¢t and B — K¢

@ First B — K¢+¢~ signal was observed by Belle in 2001 with 29 fb™

First B — K*(*£~ 3.00 evidence was reported by BaBar with 81 fb™*
(EPS 03, less than a month ago!)

Today, both Belle and BaBar update with 140 fb™'/113 fb~' data!

@ Analysis improvements (analysisis straightforward as J/y K reconstruction)

Belle

Lower electron cut — p(e) > 0.4 GeV (was0.5 GeV), 7% gain
Lower muon cut — p(u) > 0.7 GeV (was 1.0 GeV), 12% gain
New J/WK veto: (Kn)f™ ¢~ & K¢ y)

BaBar

Entire fit region was reblinded the data after last summer
M(Km) in the ML fit

Photon bremsstrahlung recovery for K®e*e-
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B — KW¢t¢~ backgrounds

® B - J/YKY, J/y — ¢ (y); also v
[J/YK veto for K*¢*¢~ — 1t + v (Belle)]

® B - K97t (m=>u fake ~2%)?
@ Semileptonic
@ Continuum

52 522 524 526 528 53

](randomcomb.) N T T
GeVic®

@ B — Ky (conversion), KW7¥(— ete™y) e T T 3

(BaBar only, Belle cuts M(e*e™) > 0.14 GeV) =, | (@) Kep E

0.05 T T Ty T I QI :_ Belle _:

+ _ o 10 .

K'e'e- . gt

~ OF ' i. - 3 E

8 - ; :

= BABAR i1 E
-0.05 . 3 —

< i

0.1 . . ':I — ob .

0 1 2 3 A 5 52 522 524 526 528 53

my (GeV/ ¢?) GeVi/c?
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B — K{™¢ signal

, 30
S >15
: Ul O
BaBar: 2-D fit (Mgs, AE), g20 N
float background shape 2 o
210 55
g (0
Belle: 1-D fit (Mbc)1 £2 522 524 526 528 902 01 0 01 02
m.. (GeV/c?) A E (GeV)
background shape from MC
<\'<\_)14:_"'|"'|+'_"|"'|"'_ N214_— '|"'|+"_'|"' 3 o 1
%12;- (@ Ke'e : %12— (c) Kuu E % 7
“of| 460 130f 560 f| 1 3nf ;
% 8 . % 8h . % : E
6 |7 1 sf 1
st 1} . : :
U252 524 526 52 53 32 52 524 526 528 53 52 52 524 528 528 53

GeV/c?

GeV/c? GeV/c?

Very clear signals, from both Belle and BaBar!
(systematic errors are taken into account in the signifi cances)
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B — K*¢*{ signal

BaBar: 3-D fit
(MES1 AEv M(Kﬂ)),
float background shape

Events / 0.006 GeV/ c?

N
o

[EEY
o

0

Belle: 1-D fit (My.),
background shape from MC
Suf T bl
512__ (b K ee E 5-12__
Slo;— 3.60 . E -

(d) K p'y

4.40

>
815
3
e o 10
X 2 (%2}
= b5
C
o
\\'_.—‘ LI>J O 1 1 1 ;_l_‘ 1
— e -0.2 01 O 01 0.2
+ N A E (GeV)
RS}
# ; >
(O]
O
3.30 S
o
2
| | | | c
g O_l 1 1 1
52 522 524 526 528 wWw (07 0.8 0.9 , 1 1.1
m (GeV/ ¢?) my . (GeVic?)
T % [
] g6E KT E
LQ -
S
1 20 5.90 -
1 8
515 -

=
o
1 L L

R \ R 5F
0 [ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ] 0 B 1 1 1 | 1 1 1 | 1 1 | 1 1 1 | -!-l 1 : O :
5.2 522 524 526 5.28 53 5.2 522 524 526 5.28 53
GeV/c? GeV/c?

5.2

522 524 526 5.28
GeV/c?

53

First > 50 observation by Belle! / also > 3¢ evidence by BaBar
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B — K®¢*¢~ branching fractions

Mode Belle BaBar

B =+ stat £ syst + model B + stat + syst
B Kete™ (48715 £03 +0.1)x107 (79717 +0.7)x 107
B— Kutp~ (48%12 +03 +02)x107 (48720 +0.4)x 107
B— Kt~ (48710 £03 +0.1)x107 (69712 +0.6)x 1077

SM: B(B — K¢t¢7)=(35+1.2)x 107/
B — Ketem  (14972+11 £ 03)x 107 (10.07Y +1.3)x 1077

—4.6 -1.3 —4.2
B— K'uty~ (117136 £0.8 +0.6)x 107 (12878 +1.7)x 107
B— K¢~ (115724 £0.7 £04) %1077 (8975 +1.1)x 1077

SM: B(B — K*€+¢7) = (11.9 £ 3.9) x 10~/

@ BB->K{)=BB - Kutu")=0.75x BB — Ke"e)
is assumed to compensate g = 0 pole in e*e”
(Factor 0.75, and all SM numbers are from Ali et al.)

Caution: avallable exclusive predictions vary by afactor of ~ 2
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B — K®¥¢+ ¢~ distributions

BaBar’s M({"¢7), of . R
compared with SM 25t Kl v K
3 2
O 4" O 3t
B 2r Tl o 8
HM iR L H i HHi Hi
OI ! '| ! - O : l | |
0 2 5 0 2 5
(GeV/ cz) mlI(GeV/ c2)
Belle’s g distributions from bin-by-bin fit to My (42 = M(¢+£7)?)
Lot @KI'T T &b KT
S F S F :
215:_ I — 215:— I ~
S 3 fob— —
sF —T 1 sp =
of — of
Lo b b b b b b b b g Ly g g o Lo b b b b b b b by g Ly g g
0 2.5 5 75 10 125 15 175 20 225 25 0 2.5 5 75 10 125 15 175 20 225 25
q2 GeV/ct q2 GeV?/c*
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B — X (T {~ analysis (Belle/BaBar)

Pseudo-reconstruction has been tried by Belle and BaBar
Predictions are less model dependent

Belle BaBar (new!)

@ X. =akaon + 0to 4 pion @ <. =akaon+0to 2 pion
(covers (82 + 2)% of signd) (covers ~ 75% of signal)
kaon = K* or K (k? = k? assumed) kaon = K* or K (k? = k¢ assumed)
pion = 7t* or 1° (up to 1 1) pion = 7t* or ¥ (up to 1 %)
M(X;s) < 2.1 GeV M(X,) < 1.8 GeV

@ lepton=eorp @ lepton=cor
pe) > 0.5 GeV p(e) > 0.5 GeV
p(p) > 1.0 GeV p(u) > 0.8 GeV
M) > 0.2 GeV M(£T¢7) > 0.2 GeV

@ Backgrounds are similar to B — K®¢*¢~, just much more severe in
the inclusive analysis
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B — X (T signal

Unbinned ML fit to My,/gs With signal + peaking + combinatorial

16X51U+[U_ ’ (b) I s B B
14 I e'e L (b)) Xy

1§ HHIH L |

£ Hm#'

,> 82521 522 523 5.24 525 5.26 527 528 529 53
m_ (GeVic™) m. (GeVic™)

Events / (0.0025 GeV/c?)
Events / ( 0.0025 GeV/c® )
=
N

(d) X&'y +c.c.

o2}
o
T

Entries / (2.5 MeV/cZ)

S
o

Events / ( 0.0025 GeV/c")
i
—
el
_’__:3:
——
.—’——.
._’_.
—H—|
+;—0—
|——+——
P ga—
A 4 —’_
——
—
—
L L L L
Events / (0.0025 GeV/c")

N
o
T

E:Xe Fut

T
v?<
S
+
3
——
|
o

..........................................

O R S e oh Bos Bob ay B oh By hs gz B0l B2 523 524 525 526 527 528 B3R,
mg (GeV/CZ) mg (GeV/CZ) 52 522 524 526 5.28 5.2 522 5.24 5.26 5.28

M, (GeV/c )

BaBar 82 fb | New! [hep-ex/0308016] Belle 60 fb™! [PrL90,021801(2003)]

41 + 10 X,£¢ events, 4.60 60 + 14 X, 7€~ events, 5.40
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B — X, ¢~ branching fraction

B — X f*¢{~ combined
Belle 6.1 +1.4 +14) x 107¢ (5.40)
BaBar (6.3 1.6 i 8) x 107% (4.60)
Average [MN] (6.2 +1.1% . 6) x 10~
(MN: simple systematic error average assuming 100% correlation)
@ SM predicts B = (4.2 +0.7) x 107° for both B — X.e"e™ and
B — X.u"u~ when the g* = 0 pole is removed (M(£*¢7) > 0.2 GeV)

@ Reasonable agreement with SM (only 1o off, error is still large)
New result will further constrain the Wilson coefficients Cy and Cqg

Breakdown B — XseTe™ B — X;utu~
Belle (5.0 £2.3717)x107° (3.40) (7.9 £2.1771)x107° (4.70)
BaBar (6.6 £+1.9717)x107° (4.00) (5.7 £2.8777) x107° (2.20)
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B — X. [T distributions

Dilepton masses X Masses o o
O phespaech pasEs RRRE SUILEUELEN BLUELELELE 12 | BABAR,
300 E (a) T — (b)_ 2 20 preliminary
- SM predictions T 1 ¢ e
- (Alietd)) T 1 15
200 | + - -
R 101~
”gloo - o LT
5 [ : l
O i B Lo b b by oo
N g B R 02 04 06 08 1 1z 14 16 1s
g, - m(X,) (GeVic’)
g 151
5 0 3 @ From bin-by-bin fit to M.
: @ No deviation from
°F expectation so far

° I <= @ With more data, one can
1 2 4 0 1 2 3 perform Arg measuremts
i ( evic?) (GeV/c?)
g* =0 pole J/wy’ K K

removed vetoed
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Belle [60 fb™]
PRL90,021801(2003)
BaBar [82 fb™]

hep-ex/0308016

CLEO ee [317"]

PRL79,2289(1998)

CLEO M [3.110Y

PRL79,2289(1998)

-6

6.1 +1.4 *1Hx10™°

+1.8

_1_5)x10'6

(6.3 £1.6
<58x10°°

<57x10°

5 4
10 sr@EY. x.II) 10
Alil’01
Belle : creno o2 11.5 2P +0.8)x10”
’ . +0.
B%?I:%ar [113fb™] —to—i (8.9 4 ¥1.1)x10
LP’ :
CLEO [9.1 fb™] | <33x10”’
PRL87,1818003(2001) ,
CDF ! . 40x10° ieQj
CDF oso0s PP | | | <40x Mission completed!
7 -6 -5
10 BEB . Kl 10 K®ere—and X 7€
AJi o1 are all measured
Zhong '02
Belle [140 b M |48 "2 +0.3)x10”
LP'03 . = ( +01'?5 ) 7 -
LBpa(;?ar [113 b ol (6.9 ;5 +x0.6)x10  Nnext target_
1 -7 . .
St eooa i) i L Precise X.£™¢,
hep-ex/9905004 (88 pb7] . - I et 2 and A
7 s s q FB
10 10 10
BF(B - KII)
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b — Kvv analysis (BaBar)
@ Theoretically cleaner than B — K£*¢~, because of no (cc) effects
@ Signal: only one track as K (require p* > 1.5 GeV)
@ Two unmeasureable neutrinos! = Need to tag the other side B

Semileptonic tag (D and ¢7) Hadronic tag (D°(1(m))")
0.5% tagging effi ciency 0.13% tagging effi ciency
Ejee < 0.5 GeV Eieft < 0 3 GeV, Clear tag-B Mg for signal
23500 - . % 008 f : %:?5 s o
S oo L1 T,
? I H all genericMC j vou b E T+T,“%ﬂcdc Mc
uCJz5oo e all data 12 ' E
\ signal MC § 002 7 B )
2000 \ - o 5.‘23 - 5.‘24 - 5.‘25 | ?‘26 4"%:2*7 o 5.‘28 o gég o 5.3
1500 [ O 50000 frgpe <
R > B o
1000 \ g 40000
- LO 30000
=00 N i 20000
0 Lo AN % 1ooooE
0 0.5 1 15 2 25 3 > 7
Remaining neutral energy (Gev) = 0 5.23 5.24 5.25 5.26 5.27 5.28 5.9 5.8
(remaining r°, v from D*¥ decays) Tag B mcg (GeVic)
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B — va results (BaBar)

o 10 [ e e g

S o . = R
E E ° - . . BA BA-R : 3 2o ; 5 :G?g(g,l;rwc

§ 6 — : — 2 1; : :{MC ﬁ J .
= - 2 . © . g 1? .

Lk I sl Lomow
~ ol e e mes (Gevic?)
2F ' L S
af ; = E
6 E_ . E g e

C da[a . .' o %) +
-8 F 4 %
10 G B e T s e 1T S 35 s - s s e e
Remaining neutral energy (GeV) Signal track momentum (GeV/c)
Semileptonic tag (D° and £°) Hadronic tag (D(n(m))")
51 fb~!, 2 candidates 80 fb~!, 3 candidates
2.2 background expected 2.7 + 0.8 background expected

BB — Kvv) <9.4x107° BB — Kw) < 10.5x 107

combined: B(B — Kwv) < 7.0 x 107 (90% C.L.)

SM: B(B — Kvv) = (3.8 J_“é%) % 107 [BuchallaHiller,Isidori 2000]
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Bt — ¢fv and Bgs — (¢

@ Helicity suppressed two-body decay in SM, chances for new physics

@® B" — (v: tree diagram in SM
Sensitive to charged Higgs, leptoquarks (exchange diagram)
Experimental challenge because of the missing neutrino

@® B) — (¢ : yetanother Z-penguin

SM branching fractions are too small for B-factories / Tevatron

Sensitive to chirarity flipping interaction in 2HDM/MSSM,
up to three orders of magnitude larger than SM at large tan 3

(and may not enhance B — K" {™)
Might be reachable by B-factories and Tevatron Runl|

SM predictions Previous limit (PDG2002)
B > utu~  (3.8+1.0)x107° < 2.6 x10~¢ (CDF)
BY —» uru~ (1.0£03+03)x10° <6.1x107 (CLEO)
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b — v, uv (BaBar)

@® B — v with semileptonic/hadronic tag (alaB — Kvv)
B — uv with neutrino reconstruction (alab — utv)

® - vy, wv, (+ v, v, et v for hadronic tag)

~ 30F .
% . oot = (E 14 L A I B B
g 25 % 125 o |
3 ZOE :_.E 10i % 10 ; ‘
= 105 67 o
Bl ia 8 s H
5} 5 = !
e e S I, \ [P IR I R ﬁ 1 Lﬁ I | |H {
00 01 02 03 04 05 06 07 08 09 1 % ‘oiz‘ iy o‘.a‘ ‘ ‘ois‘ ‘ ‘1 12 ‘1i4‘ ‘ ‘lﬂ6‘ ‘ ?; ‘2 22 : * * |
. . E|eft(GeV) nnnnnn | energy (GeV) O L T.h L
Tv semileptonic v hadronic (t — evv) 22 24 26 28 3
-6 muon p* (GeV/c)
BB — puv) < 6.6 X 107° [BaBar 81 fo! hep-ex/0307047] L

& Bele B(B — uv) < 6.8 x 106 [ICHEP 02]
B(B — 1v) < 4.1 X 107* (combined)
BB — 1v) < 4.9 x 107* (hadronic-tag) [BaBar 81 fb™! hep-ex/0304030]

BB — 1v) < 7.7 x 107* (semileptonic-tag) [BaBar 81 fb" hep-ex/0303034]
& L3 B(B — 1v) < 5.7 x 10~* [PLB396,327(1997)]
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B — €7¢ results (Belle)

@ New results based on 78 fb™! (supersedes FPCP’03 Belle results)

0.3 —m™Mm8MmM8Mm™ ™ ——m——————— . ~03—mm—————————— . 03— _
it S | .. |
QO.ZE' ' 90.2; ' 90.2; .
o} ee { Yot MU { Yot el
Of 'Z oF 'S Of
01f o : - 01} 1 -0}
0.2} ' 1 -0.2} | -02f.,
02 27522524526528 53 225225245265 '28“53 225225245265 '29'53
Mbc(GeV/c ) Mbc(GeV/c ) Mbc(GeV/c )
efficiency Observed ev. EXxpected b.g. BF (90% C.L.)
B) —ete”  14.3% 0 030012 <1.9x107
Bg — utum  16.9% 0 0.19 £ 0.10 < 1.6l
BY — e*u™  15.8% 0 0.22 +0.10, =37l
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CDF/D0 B — u™u™ analysis

@ CDF Runll 113 pb~! data @ DO Runll 100 pb~! data

(supersedes Runl 98 pb™ resuilts) @ 3 variables to kill backgrounds
@ 3 variables to kill backarounds

0.16 ..
014 i CD+F!I Prellmlnary 0" 025
0.12 10 1 WY pairs, [ [%0.6 e .
: , AL R 0.2
0.1 , Pt(Bs)>6 GeVic 10 l. i .
10" : :
0.08 _l—'_I_L 3 0.15F
J 10 i
0.06 10°] 0.1F
0.04 10" i
0.05F
0.02 } \1 10 : T :
o), I . E— || E— wi vl e e
48 5 52 54 56 58 0 00501 0150202503 05 51 0 o1 o2 % 05 115
Muu [GeV] CT [cm] Decay Length [cm] Transverse Distance Significance
0.3 ~ f 0.22F-,
0.2 0.14F I s
— Background - P 0.2k
0.18 0.251 9 0.12F o 0.18F!
0.16 —B..utu F Pt 0.16f
0.14 0.2] o hH o1 . 0.14F
0.12 (normalized to unit area) 0.08f : 0.12F:
0.1 0.151 - - 0.4f|
0.08 ] 0.06¢ : 0.08f| i
0.06 0.1 | 0.04f : 0.06f|
0.04 ] S 0.04F|
oo |. 0.05 oozt 009k .
(0] " v r T T 0 T T T T 00 0 0 — 0!5 et 1
0 020.40.60.8 1 1.21.416 0 02 04 06 08 1 Bs Pr [GeVic] Muon Isolation
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CDF/DOB — ™y~ result g cor Runil 113 o

3

CDF Run |l Preliminary 113 pl::u'1
0 + -
Bs(d)—m, LL

] BBy utpT) <95 x 1077

Extrapolations based on 61 pb™" ]

ST BB - i) <25x107
(90% C.L.)

entries / 0.020 GeV

expected limit BR(B, = u'u”) x 10°

0s - .x.‘::T::::‘»"::-:.’.-:ff:ffj:::_»:_-: __________ 1 [ + - _7 e
1 o I B A B(Bs = utu") <12x10

Runll Integrated Luminasty (b B(BS N [J+ y—) <3.1x%x10~7
(95%C.L) |

B, search window
B, search window

o/
S\

56 5.8
M, /GeV

o
o
Qo
UH
n

DO Runll Preliminary No. Candidates: 3 ' DO Runll 100 pb_1

Expected bkg: 3.4

Sarel B(Bs — utu~) <16 x 1077

(90% C.L.)
LI Hﬂ 1 IS

4.5 5 6.5
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B - XY

CLEO,Belle,BaBar,ALEPH
*

B-Ky

CLEO,Belle,BaBar

B Ky

CLEO,Belle,BaBar
+
B-py
BaBar
0
B-pYy
BaBar
B - Xl
Belle,BaBar

B_K

Belle,BaBar

B - KII

Belle,BaBar

B - Kvv

BaBar

BtV
BaBar
B-puv
BaBar
By— MM
Belle

Bs_’uu

CDF

Summary of new results

oI
/ o
Illli 1 1 IIIIIIi 1 1 IIIIIIi 1 1 IIIIIIi 1 1 Illllli 1 1 IIIIIIi 1 1 IIIIIIi 1 L L i1
107° 107 10° 10~ 10 108 10™ 10

Branching Fractions

(3.34 +0.38)x10 ™
(41.7 +1.9)x10°°
(13.3 +1.9)x10°°
<2.1x10°
<1.2x10°

(6.2 +1.7)x10°
(1.05 +0.21)x10"°
(0.54 +0.08)x10"°

<70x107°
<4.1x107*
<6.6x107°

<1.6x1077

<9.5x10”’

=}
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Demand for more data

@ Direct CP asymmetry in b — sy can be nailed down to 1%
with 20-50 times more data

@ Mixing-induced CP asymmetry in b — sy will be a clue to
understand b — s transition with many ab™"

@ First B — K*(*¢~ is just found, time to start Arz and g dependence
10-100 times more data will be helpful

Sgn(C9C10)<O |+]- rest frame

0. 5¢

: |+
E 0\?\ ° 0 °
Sgn(CyCqp) > 0 |- |+
0 0.2 0.4 2 0.6 0.8 1 AFB|nB_)K*£+€_’B_)XS€+£_

Huge dataset will certainly help for other challenging searches, too
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Conclusion

~ Many new results at LP’03, and within the past one year, including:
@ New modes/measurements in exclusive b — sy
@ Direct CPV search inb — sy
@ First observation of B — K*¢* ¢~ by Belle (evidence by BaBar)
@ New results for B — X ¢~ (BaBar), in agreement with Belle
© Limits on B — Kvv and two-body leptonic decays

~ All of new results are in good agreement with the SM.
(No surprise yet. . . leptons and photons are our friends, aren’t they?)

~ CDF is back in the rare B decay business, DO has also joined!
Belle and BaBar will keep going. .. to meet the demands for more!!



End
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Events / ( 0.00225 GeVi/c %)

Events /(0.05)

BaBar B* — K(1430)"y

B —_~ E T T T T T ] _ - —~ F =

- 45 - = I 1

25 1 3 E > 30 3

1 O 4 1 . F ot ]

0 4 8 a5k 4 o018 8 28 E

. © LF E & 145 © r ]

1 = 3 ERE N 3 = 20r E

5 7 2 om [%El 3 2% 2 F ]

] o F 3 o c 15'_ -

] 2 208 E g S ]

0 1 @ 15 3 P o F 1

10k s o ]

9 E + E Li 4 51 4

SE E 2 F .

0 E [ R R N SR 0 o [ R R R S

52 521 522 523 524 5.25 526 5.27 528 5.29 03 02 -01 0 01 02 03 52 521 522 523 524 5.25 526 5.27 528 5.29 03 02 -01 0 01 02 03
M. (GeVic") AE (GeV) (@ mgs(Gevic) (b)  AE(Gev)

F T T T T T T T T T 7 —~ F T T T T T T T T T q —~ F T T T T T T T T T ] —~ [ T T T T T T T T T ]

; 1 8 . 1 8 _F 1 8 s .

s0F s 1 1 3% 1 S 4 ]

e 4 20 1 22 1 2 4 .

[ ] c L ] c E R ] c L i

i 1 £ 8 R ndls N % g $ .

30 ] w r 1 w E Lay” ] w 3 1

: ] 6 . 15f By 3 a ]

20 ] c ] H 1 3 .

[ ] 4 10F . 3 R

N e e ] r = -T- F a 2 N N T

10p + 3 2k I IR O S sE : At e et 0 8 G e \
E PR (N I RAN N S ST S ST ] L. ... .I. ..I .“.I P NP I S I RPN IR B E PR (N I RAN N S ST S ST i PR (S (U I N S (ST A ST A

0 01 02 03 04 05 06 0.7 08 09 1 0 01 02 03 04 05 06 0.7 08 09 1 0 01 02 03 04 05 06 0.7 08 09 1 0 01 02 03 04 05 06 07 0.8 09 1
|cos6,| [cos6,| (c) |cos6,| (d) |cos6,|

K; — Kgn+ K; — K+

Radiative and FElectroweak Rare B Decays— Mikihiko Nakao — p.49/46



B — K®¢*t¢~ Predictions

Predictions B(B — KEH7) BB - K'utu™) BB — K*ete

Ali et al. (2000) (O.57f8:%) x 107 (1.9f8:2) x 107 (2.3t8:§) X 1C

Ali et al. (2001) [NNLO] (0.35+0.12) x10™® (1.19 +£0.39) x 107®  (1.58 + 0.49) x

Aliev et al. (1997) (0.31 + 0.09) x 107 1.4x107°

Colangelo et al. (1996) 0.3x107° 1.0x 107°

Faesdler et al. (2002) 0.55 x 107° 0.81 x 107°

Geng and Kao (1996) 0.5%x 107 1.4x107°

Melikhov et al. (1998) 0.44 x 107 1.15x 107° 1.50 x 10~

Zhong et al. (2002) (0.69° 8232) x 107 (1.987 8:??) x 107 (2.01f8:§§) X 1
Ali et al. (2001) adjusted form factors to measured B — K*y [table compiled by A.Ryd, EPS 03]
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B — K®W¢+¢~ analysis (Belle)
@ Five x two modes:
[K*, K2, KY — K*n~, K — K¢n*, K" — K*n]x[e*e”, pu~]
@ Electron: p > 0.4 GeV (was0.5 GeV), fake ~ 0.2%
@ Muon: p > 0.7 GeV (was 1.0 Gev), momentum dep. u-id, fake ~ 1.5%

@ Huge di-lepton background MC: 4.3 times equiv. of data
@ Best candidate based on AE, £75 MeV cut for M(K*)

i Kefem MC +7% gain Wmﬁﬁﬁ +12% galnf
. . 175 q (ZE;SeV) 0 25 5 7.5 10 12,5 15 17.5 20 2(22C;5eV)
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B — K®W¢* ¢~ analysis (BaBar)

@ Charged track only: B* — K*¢*¢~, B® — K¢+ ¢,
B - KY(— Kt )¢t¢", Bt - K(— Kgn+)€+£‘
@ Electron: p > 0.5 GeV, fake ~ 0.2%, brems. photon recovery

@ Muon: p > 1 GeV, fake ~ 2%

@ Generic background MC: three times equiv. of data

o+ .+ ..I _
rke'e e
% o2r--"- Fit .Regi.c'xg. =
O ok . " Sideband . |[.Signal’ -
Ll . - . . ,"-{Region- .
< .02 RS M
0.4}, ‘e . ,:..t:_
5 505 51 515 52 525
m_. (GeV/c?)

5.3

@ Reblinded the data after
last summer,
“fit region” is blinded.

@ 2- (3) dim. ML fit on
Mgs, AE (and M(KT())
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Significance calculation (B — K®¢£¢7)

@ Systematic uncertainties from the fit affect the significance.

@ Checklist:

Background shape parametrization
ce» Belle fixes the parameters from MC, and varies for their errors
ce BaBar floats the parameters, so they will not contribute to
systematics. But 2-d correlation is considered in addition

Peaking backgrounds (dominant)
Signal shape parameters (mean and width)
AE radiative tail in electron modes (BaBar only)
@ The significance was evaluated by combining the variations that lead
to decrease In the signal significance.
Belle K*¢*{~: 6.30 (stat. only) = 5.90
BaBar K*/"(: 3.80 (stat. only) = 3.30
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B — X {7¢~ backgrounds (Belle/BaBar)

[Peaking backgrounds] [Combinatorial backgrounds]
B — J/UX; Semileptonic decays (£7¢~ + 2 X v)
B — X i1t~ (small but irreducible) Continuum background
... These are good control samples, too Mis-combination within signal event
Belle BaBar
@ Becst candidate selection based @ Best candidate based on
on AE and cos Op AE, cos O and log(Probp_yi)
@ \ery wide M(£F¢7) veto @ M({L7) veto for [/, U’
window for J/i, Y’ before/after Brems. recovery
@ Three-step cuts on @ Single LR of nine variables:
Fisher of modified Ry, cos Owrust
Fox-Wolfram moments, AERCE, MEPF, coS Omiss,
Fisher of Eyisiple, Pmiss, AE, cos O3, (ROE: rest of the event)
LR of AE, cos 05 Azp+p- and log(Probp_yix)

Radiative and Electroweak Rare B Decays— Mikihiko Nakao — p.55/46



B — "¢~ analysis (Belle)
® 2-body (M., AE), B — Kmt control sample (~ 100 events)

@ Analysis: Lepton-id, Shape variable, Ny > 4
Fisher (shape variables, Eniss, Pmiss, €0 05, c0S Opp)
6,1. angle between Pp,;ss and thrust axis of leptons
6,,: angle between P,;ss and thrust axis of rest

Fisher + cos O = Likelihood Ratio

T T T ] L] IR B I LR | IR SR PPy
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5 I 10005 | | 3 50- ‘ || i
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B — tv, uv

) 2
® SM: B(B - &) = (1= 7). RiViaPs

wlw

@ Helicity suppressed, SM:
BB - uw)=3.0%x107< BB - ) =75x107

@ Sensitive to fp, or sensitive to charged Higgs, leptoquarks
@ B-tag analysis for B — tv (same as B — Kvv)
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End of backup slides
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