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Flavor Changing Neutral Current e

Decays in this talk proceed via
Flavour Changing Neutral Currents (FCNC)

=> Test SM and search for new physicsl

W . Branching fractions '
Direct CP violation AW

CP violation phase -

CKM elements V., Vi,

Wilson coefficients

Energy/mass spectra, moments, ...
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The KEK-B collider <>

OELLE

L£=(1.6 x 103%)/cm?2/sec
18-may-2005

[ £ dt> 450 fb-l

31-may-2005

g

:

| WIGGLER |
Integrated Luminosity (/fb)
8

1| L
x

| NIKKO Area
L
x

(TRISTAN Accumulation Ring)
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The Belle Detector o

3.5 6GeVer

\ @ : /. P . T —
3/4 layer s ';_ R e P 7
Silicon Vertex Detector —

Electromagnetic. Cal.
‘. (CsI crystals)

Central Drift Chamber

*},,;55.

|f \p
15T SC solenoid ToF counter
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Continuum suppression

BB and qq have different topologies! ?l/

4
Typical variables for Bkg suppression: ¢ > D5 < 3
- Modified Fox Wolfram moments j?
- Sphericity cos(8,,,) )
- Thrust, cos(6;,.) \
T e e ’_Gé_‘
=> Build Fisher discriminant & for correlated variables 4
=> Form Likelihood for uncorrelated variables: £(F,cos0;)
=> Build Likelihood ratio: LR = 5 / (Lp+Ly,)

AE E Ebeam

M. = (o)

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 5



b->sy

2 5
GF aemmb

G,d‘F
\v,;;\/,rb\ZQC;f 4 corr.(1/ mb))

3272'4 \

Wilson coefficient

F(b —> 57/) =

Investigate

decays => extract observables

=> Test SM and search for new physics!

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005
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in leading order
BR(b->sy) ~ 3.5 x 10 b e X*j s

Not so rare actually... Vo WV,
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Inclusive b -> Xy  ¢lo i,

Select photons with E*, > 1.5 GeV
(analysis done with E”, > 1.8 GeV)

Veto photons from n® and n decays

oubtract background e 5 5 289+ 0.026 + 0.034 GeV

= }ﬁ | G

| 0.0311 + 0.0073 + 0.0063 GeV?
|| L { | Smeared by motion of b quark
oot 1T { | inside the B meson and gluon
} emission => dynamics of B meson

el E H_ important for V,, measurement
I E}Eﬁ ™ from inclusive charmless semileptonic
e s s decays [B18,B19]

based on 140 fb!
Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 7

Events/100 Me

5000 || | |




Extract BR(b -> X, y)s

= A Hurts ot 2l (HPETO4 B8 Z00E]
p——IW Aabrian &t al. (PLBEAE 283 TPDL]
-E--—!q Surac Czarnsokl Miclak Urban (SFEES1:218 20430
ALEPH aamz| l A (3.11£0 80+0.72)x 10"
FLEB4ZE:18B{13352]
ﬁLLEER asey T gt (32140434027 5ot
BaBar caam ) gl (3.88+0.36+0.37 T & 107
hap.axQ2070TE
BaBar 20T : . | 14340 540 841 310"
hagaxi207074
+0.30 +31 -4
FEF:ELI'.:I:Emnm-:-:m oy | ' (3.-35+0.32 51 g07IX10
ﬂﬁerage ol (3.52 Jag)d0™
2 ) 3 B T
BFIB—X vjx10

Measurements and SM calculations agree very well,
theoretical uncertainties are already of same order
than statistical errors of measurement!
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B - K*y o W T\f s

K*(892) reconstructed in 4 final states:
Krr-, KO0, K*n®, KO with
|M(Kr) - M(K).| < 75 MeV/c?

L L | L 1
+ 200
(b) (Kn)'y I =
] 0
- 80 K’y combined
-150 @
= =
o o
n =
-
—100 = g
0 =
£
c
50 5
: 1 i i 1
} -1 -0.5 0 0.5
............ 1 0 COSOhel

Based on 78 fb™
Rare EW Penguin Decays

0.8 1 1.2 14 16 18

Tom Ziegler

_ ] 08 1 12 14 16 18 2
Kr invariant mass (GeV/c)

WINO5 2005 - Delphi, Greece 6-11th June 2005
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Entries (/ 20 MeV)

eam

- - 25 90F

7 @Kry F 0. 3 s

pox T f (b) Ky 320 70F

3 E 60E

50 + 412 50F

40 3 dip S o WOF
30 i 410 3 "o 30 ;
20 E 35 = 3 20 35
10 -3 N3 & = 10} E
0 [ y L—‘llll 1 ||1=r_0 - =~ E =0
25 ' P55 16
(d) Ken%y 6 & 2 o5 E
2 - i
i & a? 14
13 E 15 33
L :: 10§ 12
5 - | i -|_I'é1 5: 51
okE- e "1 tveen I | P 0 g- | 4 i i " . —r ) | 1| — = I .8
02 003 S04 3555554 526 528 5.2 522 524 526 528 b

Entries {/ MeV/c?)

0.4 - 0 :
Of TEnergy dﬁference (GeV) Beam-energy constrained mass (GeV/c )

BR(B?-> K*0y) = (40.1+2.1+1.7)-10° NLO calc = (71 + 23) -10®

BR(B* -> K*™*y) = (42.5+ 3.1 + 2.4) -10® NLO calc = (75 +23)-10°

Ali, Parkhomenko [T2]
Bosch,Buchalla [T3]
Based on 78 fb™

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 10



Investigate Isospin asymmetry between B and B*:

/ BR(B° —K”y) - BR(B* — K"v)

/ BR(B° —K”y) + BR(B* — K'v)

" ,= 1083 £0017 [PD62002]

Assumes f,/f, =1

SM predicts +(5-10)%
Kagan, Neubert [T4]
Ao, = (+1.2 £4.4 +2.6)%

Based on 78 fb™
Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005

f/fy = 1.072 + 0.057
[PD62002]
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= Bosch,Buchalla [T3]
3 In SM ACP ShOUld be

I smaller than 1% |
Acp - 1/(1-2W) X

Entries (/ MeV/cz)

Lnbobyo bbb bl
o
Entries (/ MeV/cz)

| N(B->K'y) - N(B->K'y)
T N(B-Ky) + N(B->K')

4
:l IJhH | \|\IIJIIJ
AN 1 3

16 (e} K'n°
= (e) Y

12
10

Ll |N‘

it ALY M- . Ap=(-15+44+12)%

5.2 5.22 524 526 528 5.2 522 524 526 528 5.3

Beam-energy constrained mass (GeV/c )

Mbc = \/E*Zbeam - IP*BI2
Based on 78 fb™
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Time-dependent CPV ﬂ

Use K% final state for time-dependent CP analysi:

0 0 no 0_0
A = MB() - Kmoy)- IB7(1) > Ko 7). S-sinAmAt + A - cos AmAt
F(B(t) > K7,y )+ TB(1) > K27 )
: : SM <0.1
D;I | ®) ___|_ S( 0_0 )_ _O 58+O.46_|_O 11
o T s/t V)= 7Y.I90 g3+ Y
c 1 0.0<r<05
R | A(K27°y) = +0.03£0.34 + 0.11
i ===l SM <0.01
0.5k
qf  DSers10 Atwood et al [T5]
758 BB 0 255 TS Gronau et al [T6]

At (ps)

Based on 253 fb!
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1 r;*'rff I

-1
Reconstruct n -> yy and n -> n* n~ n° Based on 253 fb

KOS -> T
o
|IM(Kn)| < 2.4 GeV/c? (EB, >2.16GeV, about 84% of b->sy)
—~ —~ 15
= % [ Ildata @|% | Ildata (b) ~
& 39F —total 3 | —total —
+ = - ---- continuum background = - ---- continuum background
N 5 [ e background from B I background from B §4
A €30 - b—syfeed-down 10 - b—sy feed-down
| R g [ A
+ L 1
an a2 o
5 an
10
680 05.21 I ‘5.22 5.24 J ,,5-;6,/ ) ysf;s 05.2' A ‘5.22 5.24 5.26 5.28 340

M, (GeVic?) M, (GeVic?)

BR(B" — K'ny) = (8.4 £15 +1-2j 10°  BR(B° - K%)= [8.7 2 +1-9j 10

-0.9 -2.7 -16
Good candidate for time-dependent CPV!
No hint for B -> K*;(1780) y Atwood et al [TH]

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 14



Reconstruct K'n*n" v and KOr*n~ vy fips
Search for resonant structure in M(Kn'n) °F Axiq/_

N
(=]
T

-
(9]
1

8]

Based on 140 fb'!

L | i I = o A —

0 PR | T ) e ) 1 (] ]
5.24 5.25 5.26 5.27 5.28 529 53 1 12 14 16 1.8 2

M, (GeV/c)) M(K ‘7*r) (GeV/c?)
BR(B* —K,(1270)"7) =(4.3+0.9+0.9)-10° (7.3 o) (large!)
=> prediction: 0.5-2.0 - 10> [T8]
3R (B° — K, (1270)°y) <5.8-10° 3R (B* — K(1400)"y) <15-10° @90% CL
Interesting: tfime-dependent CPV, photon-helicity Atwood et al [T5]

Events/(1 MeV/cz)

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 15



Reconstruct A ->p +x

)

“§12

J 210
8 & 8
. 26
¥ % 4 Based on 140 fb!
2 2 PP
0 | e S ) SR, IR A
02 0 02 04 5.2 5.2255.25 5275 5.3

AE (GeV) M, (GeV/c?)

+ A _ +0.58 -6

BR(B" > pAy) =(216°02+020).10¢  (8.60)

BR(B® — pZ v) < 4.6-10° @90% CL
SM expectation: ~ 10°®  Cheng, Yang [T11] Geng, Hsiao [T12]

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 16



Summary of b -> s vy

B> K (892)

o Many neutral exclusive
b -> s y modes for
time-dependent CPV!
o KnnOy final state
should help for
photon polarization
o useful to reduce inclusive
b -> s y systematic errors ke
o isospin in B and K™
decays is assumed

B — K, (1270)

59+ 6 %
missing

B - K,(1430) v

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 17



The b -> dy transition should be suppressed by
|V;4/Vis|2 = 0.04 (large uncertainties on V,,)
=> BR~ 0.9-2.7 - 10 expected

u,d
Look for the exclusive modes:

B-->py, BO->p0y, BO->qy

(where p~ -> = 79, p0 -> n* n~, ® -> * n~ =)

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 18



Simultaneous fit to B* -> p*y, B9 -> p% and BO -> wy

From isospin relations:

BR(B* -> py) = 2 (x(B*)/7(B?)) - BR(B® -> p%) = 2 - (x(B*)/x(B%)) BR(B® -> wry)
(t(B*)/t(B°) = 1.086 + 0.017)

Iﬁé— ol p’\{:
-
m§ z_ —— |p”Y—%1:— e p e :ptl,;,_
= b Eonpn Al Ik
%iwrﬁuﬁ T 2 T T Limit:
S 6F 18 3F =
3 fﬂ |]| ﬂ Tk 71 BR((p,w)y)<1.4-10° @ 90% CL
rz;: L Lufﬁr’;lﬁuﬂ_ ﬁ‘:- = N
30;— p.o)yy] 15
20 4 10
10f o
i L . . . (};

ok
52 5225 525 5275 53

M, (GeV/c') AE (GeV)

Based on 253 fb!
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4 IB15]

Ivtd/v‘l'sl fr‘om B -»> (p'(,))fy % </

D

BR((p, w)y) = (0729 +£0.28)-10°® significance: 1.2

-0.39

SM predictions:
Ali-Parkhomenko[T2]: BR(B* -> p*y) = (0.90 + 0.34) - 106
Bosch-Buchalla[T3]: BR(B* -> p*y) = (1.50 + 0.50) - 106

Constraint on V.

B8R (B — (p,@)r) _
BR(B —> K'y)

‘- m(p /M)’

- m /2y c?(1+ AR)

\45

Vig <022 @90%CL

ts

Based on 253 fb!
Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005
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u,d ud

BR(b->sI'1") ~ o, BR(b->sy) ~ 10-¢1ll

Again: New particles can/will contribute significantly to the
decay rates and various asymmetries via the loops!
=> Testing ground for SM and extensions
(2HDM, MSSM, GUT, ..?)

, g - (M£+€— /mb)2
Vivi|

" Re(C7.C5. )) +corr.(1/m,)

di'(b »st¢7) 7 2 |ro P |0
42 ~ e Cest| +|Cort| +Cets

’
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.....

Select oppositely charged leptons (e*,u)
Reconstruct hadronic system semi-inclusively (K(nrm))

M) > 0.2 GeV/c2

BR(B —> X,/ 07) =(4.11+0.83'%%7).10°°

=] [==] o
= = =
EEE CEEEF

=]
=

Mow B
[— N —

Entries/(0.0033GeV/c?

g.Z 521 522 523 524 525 526 527 528 529

Mo (GeV/c2)

Based on 140 fb-!
Rare EW Penguin Decays « Tom Ziegler

53

BR(B —> X,u'n ) =(4.13+1.05'9%).10°¢
BR(B > X.e'e ) =(4.04 +1.30787).10°¢

Ali et al [T13-T15]
BR(B — X ("0")=(4.2+0.70)-10°®

WINO5 2005 - Delphi, Greece 6-11th June 2005 22



B13] -~y

Dynamics Of b-)S I"'I‘ transition b YV :

@ M(X,): test model fragmentation

0.6

—
—
93]
&
=
QL
L)
S
b
-
-
S
o)
>
=
o
-~
m
©

04 0.6 03 1 12 14 16 18 2

My, (GeV/c2)
w1 g2 = Me(ll):
check for non-SM effects

dB/dq2((GeV/c)-2)

No surprises so far
with available statistics!

Based on 140 fb-!
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exclusive B -> K® |*]-

"y

w
o
L | L

iy ;
o v = » N

107 dB/dg® / 4 GeV?/c?

20

0 5 10 15 20
q° (GeV?/c?)

. € q? distribution in

%2 5225 5.25 5275 5.2 5225 5.25 5275 53 comparison with SM pred.
M, . (GeV/c?) [T13,T16,T17]

10

-0.70 —

BR(B > Kl ) = (5.50 075 4 027 + o.ozj 107

BR(B - K 107) = (16.5+2-3 +0.9+ o.4) 107

-2.2

Based on 253 fb!
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Arg in B -> K™ |[*I

In{¢'¢ rest-frame

m‘l .....................................
<osf ('a)K‘l*l‘gi A N

¢ 7 _
B & oo
Tl

¢ i
['(cos6,,. >0)-T(cos0,,
FB —
F(c.:os 0,,. .> 0) +I'(cosH,,. .< 0) Ars(K” |+| )
Arg in g2 bins from M, fit &I HRFFTTTTITTTTT

0.4 ;—

IIIII IIIIIIIIIIIIJII'IIIIIIII.IIIIIIIIIIIIIIIIIIIII-

-1
< O) 0] 25 5 75 10 125 15 175 20 225 25
q2 GeV¥/c?

: o ¢
(=3}
TT
Lol bl

vy and Z interference in SM:
sensitive to C7, C9 and C10
=> errors still oo large!

:I L i Lell. I L :I L E L L I Ll I |
10 12 14 16 18 20
q2 GeV?/c?

Based on 253 fb!
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Super KEK-B

£0 Projection of KEKB Luminosity
T T T T | T T T T | 1

/1007\ ~101 BB/year !! |
X

45

Major upgrade of

Integrated Lumminosity (/ab)

20f KEKB & Belle detector
&
15§ Iﬂ/DU . 1/l:‘Ul lll‘/ﬂ? l/'1‘/03 UI‘/OH WI/OS Cra'b'
107 cavities
5 l v
- . . . . | . : | : . | . | |
fﬂﬂﬂ 2005 EDHU 20%5 2020
Year
Loeak (CM2s71)  1,6x1034 5x1034 2.5x103°
Lint 450 fb-! ~1 ab! ~10 ab!
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AFB in B -> K* |*I

SELINLINLIL I L I O I I O O = 15

£

075 & 1 = 12
0.5 Belle MC, 5 ab™ 3 :

025F —— 3

=fE

g |! E z Crome 3

I AT IS AT A AN AN A A B AN A A N ARSI A W W ﬂ']i&ﬂ[’]}“IIHEI]
0 2.5 L 7.5 00 125 15 11fsS 20 12 -9 -6 -3 0 3

¢ BV Eone

Precise determination of Cy and C,, is possible
=> ACy/Cqy 10%, AC1p/Cyy 13% at 5 ab!,

C, fixed from b -> sy
Need fit o 2-dim g% vs. angular distribution
(systematic error neglected here)

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005
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What have we achieved?

What did we know before the B-factories?
Radiative B-Decays in PDG 2000:

charged modes heutral modes
K'(892) y (5.7+3.3) - 10 (4.0:19)-10°  PDG 2000
K,(1270) y <7.3-107 <7.0-107 PDG 2000
K',(1400) v <22-10° <43-10° PDG 2000
K ,(1430) v <14-10° <40-10™ PDG 2000
K (1680) y <19-10° <20-10° PDG 2000
K'5(1780) y <55-107 <10-107 PDG 2000
K ,(2045) y <9.9-10° <43-10° PDG 2000

Dramatic improvement of our knowledge
of radiative B-decays!

Rare EW Penguin Decays - Tom Ziegler - WINO5 2005 - Delphi, Greece 6-11th June 2005 28



Summary

Radiative B decays are
Knowledge increased dramatically since start of B-factories
Measurements of BR have already very small errors

many decay modes seen, time-dependent CPV,
constraint on V., a lot of useful observables for
test of SM and its extensions

not yet seen, but should be available soon,
constraint on V.,

established, important to pin down Wilson coefficients
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1 i | V

-------------------

=> Helicity suppressed 2-body decay in SM
BR in SM: B->pu : (1.00 £ 0.14) - 107*°
B->ee : (2.34 + 0.33) - 1077

Not observable, but enhancement by 2-3 orders of
magnitude in

, but possible in
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BO — I My .

Tight cut on leptons (e/p): £ > 0.9

BKG suppression with LR(T,cos(e*B))
Signal box: 5.27<M,.<5.29 GeV/c2, |AE|<0.05GeV

;0.38 — f,e ;0_38 _> !'LM .............. ;D.SB _> ?M ............
o2} . @ g2} : 2 0.2}
S C- =
wo.1f . ] W 0.1} ; ] L 0.1f
< < <
oF 1 oF . 1 Or
01 - k 0.1} | ] 0.1}
0.2 s =& | 0.2} _ ; 0.2}- .
08 2 5.22 5.24 5.26 5.28 5.3 0.3 R
2 B82S Daol 520, B 5.2 5.22 5.24 5.26 5.28 25.3 5.2 5.22 5.24 5.26 5.28 25.3
Mbc(GeV/c*) Mbc(GeV/c?) Mbc(GeV/c®)
AE=E*,-E" i *
s beam Mbc = \/E 2becu‘n - Ip BI2
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Status of B — I

BR (@90% C.L.) Jcdt
B->ee <1.9.107 78 fb™! Belle
B->pp <1.6-107 78 fb™! Belle
B->ep <1.7.107 78 fb™ Belle
B->up <25.107 113 pb™ CDF
B.->pp <95.107 113 pb™* CDF
B.->up <16 - 107 100 pb™ DO
B->ev <5.4.10¢ 60 fb™ Belle
B->pv < 6.8 10 60 fb™ Belle
B->puv < 6.6 - 10-¢ 81 fb™! Babar
B->1v <4.1.10* 81 fb™! Babar
B—1v | =4 1x10™*
Ej;.n | =6 Bx10°
E::LL I | =1.6x107
:E;:—*I-ll-l 1 <9 5107
T AR R ETT EEEE R R T BT S S N E 1T N N SN TRTY TSN EE N B T 271 S N SN WA TAT] B AN R R i1
10" 10° 10" 107 10° 10 10" 10°

Branching Fractions
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I
Future? B — ll(y)

SM prediction for purely leptonic/radiative B-decays:

B->t1t :x~3.107° B->t1y : > 3.10°
B->pp :x~1.1071° B->puy : ~ few - 1071°
B->ee :x~3-107 B->eey . ~ few - 1071°
B->tv :x~7-107 B->tvy : > 7107
B->uv  :~3-107 B->uvy . ~ few - 107°
B->ev :~7- 10" B->evy . ~ few - 10°°

Any significant increase in these BR might give hint for new physics

Some of these modes should be accessible with the B-factories!
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Low energy eff. Hamiltonian

Heoss ~ Zlom Ci(W)O(n)

I'(b -> sy) = 1/32n* 6% o, m>, [V*. Ve |2 (1G5 + O(1/my,1/m,)))

=> Access to |C]
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Low energy eff. Hamiltonian

Hoer ~ 2 ie1 CRIO(R)

2 ff2
I'(b -> sy) ~ IV*Tsvtbl |C7e l
=> Access to |C,|
Interesting observables: BR, A, v spectrum
F(b s SQ+Q-)/dS N |V*-|-5v1-b|2 O(S, |C7eff|2' |C9eff|2 ,|Cloeff|2 ’ C7effRRe(Cgeff))
s = @°/m°, = (M("0°)/m,)

=> Access to |C7|. |C9|o I610|' sgn(CZ)

Interesting observables: BR, Az, q° distribution
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D
Particle ID & Kinematic Variables

K/n separation:

- dE/dx from CDC

- light yield from ACC AE = E%, - E*
- t from ToF

beam

Mbc = \/E*Zbeam - |p*B|2

- dE/dx from CDC

- light yield from ACC
- t from ToF

- CsI (ECL)

- hits in KLM

- 16X, CsI (ECL)
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