Radiative decays at Belle
e Radiative B Decays
® Belle
e Evidence for b — d~
e CP asymmetry in B — X v

® |nclusive b — s~ spectrum
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First observation of penguin
decays 11 years ago by CLEO

b — s~

® Used to be a hot candidate for New Physics (|C%|)

* BR ~ 3.3 -10~% (~ theory expectation)

* Today we enter the era of precision measurements
* Many final states are visible (e.g. B — ¢ K~)

g3 ° Strong bounds on CP asymmetries (~ 0 in SM)
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CKM-matrix:

Vud Vus Vub
Vea Ves Ve
Via Vis Vi




CKM-matrix:

Vud Vus Vub
Vea Ves Ve
Via Vis Vi




e Handle on |V;q/Vis|?
* Very rare (106).

D
o

el P.Koppenburg




S0 1% Asymmetric (3.5 @ 8.0 GeV)
- ete collider at the Y (45)
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Evidence for b — d~y

[Belle preliminary]

P.Koppen bu g Radiative decays at Belle— EP seminar 2004/04/19 — p. 6



Reconstruct and add:

0 0 — :
* BY — pP(ntm )y, * SM expectations: ~ 1 - 10~
®* BT — pT(nta)y, * Exp. limits: ~ 1-2. 106
* BY 5 w(rtn~w%~  _— Around the corner

Assuming ISOspin invariance aliet al, ZPC 6, 437]:

BR(B — (p,w)y) = BR(BT — p™v)
LEBR(B — p'v)

= 2
TBO

= 22 _BR(B' — wv)
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Reconstruct and add:
* BY = p(n 77 )y, e SM expectations: ~ 1 -10~°
* Bt — pt(ntn¥)y, e Exp. limits: ~ 1—2 - 10~
* B - w(rtx~ 7wy  — Around the corner

e Use isolated ~ that don’t form a «® or a » when combined
with another photon

® Use charged tracks clearly identified as =
e 10 — ~~ (within 3o, forced to 7% mass)
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Continuum (u,d,s,c) background (75% at Y (4.5)):
® events are more jetty — Improved Super-Fox-Wolfram

® vertex position is more centred (B flight)
e guality of flavour tag is poorer
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B — pyand B — K*~ MC:
® mp+ - > 0.96 GeV/c?
® My+_o > 0.92GeV/c?
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B — pyand B — K*~ MC:
® mp+ - > 0.96 GeV/c?
® My+_o > 0.92GeV/c?

B — pm%: Apply helicity cut.
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Events/(2MeV/c?)
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3.50 evidence for b — d~!
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I

B ~ py.wy summed -

ity
i

B - py,wy summed |

[24MeV

- 12 | ]
Using BR(B — K*~) = (4.30 - 0.23) - 10— 5
and following [Ali & Parkhomenko, EPJ, C23, 89].

Vid

T it} V| = 0-27 £ 0.04 £ 0.03

—————
—— T ——— ~~o

5.22 5.24
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BR(B — (p,w)y) = (1.8 HOLE 0.1) .10~

3.50 evidence for b — d~!




CP asymmetry in B — X7y decays

[Nishida et al., hep-ex/0308038]
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e Isolated photon, not from =°, n
e X, =Knn(n=1...4),<17° or X, = 3K (=)
emyx, < 2.1GeV/c? (i.e E, > 2.24 GeV)

S [ @ S [ ®) 0 15[ (c)

> g0 L Ldata > go L/ Ldata > | Ldata

2 [ — total S | — total S [ — total

= [ ---- all background = [ ---- all background = 10 —---- all background

@ 40 [ BB +rare G 40 [ BB + rare @ -

s _ ZZrare B s . ZZrare B s

> - > [ n >

R = et s/ w 20 e e L
0 | | | | 0 | | | | | il SALLITION i i | | ! ; T
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e Isolated photon, not from =°, n
e X, =Knn(n=1...4),<17° or X, = 3K (=)
emyx, < 2.1GeV/c? (i.e E, > 2.24 GeV)

T @ S [ S 15[
> g0 —J L data > 6o -J Ldata > - L data
277t — total 277t — total ® I — total
= L = L = -
= [ ---- all background = [ ---- all background = 10 —---- all background
@ 40 [ BB + rare G 40 [ BB +rare @ [ BB + rare
s _ ZZrare B s . ZZrare B s
> B > B >
_ L
W20 ptet e W 20 R _ T
0 I R [ Lo .W—.%ﬁ:.;: 0 R B [ PR A i i i | | i s
5.24 5.26 5.28 5.24 5.26 5.28 5.24 5.26 5.28
Mbc(GeV/c?) Mbc(GeV/c?) _ Mbc(GeV/c?)
Tagged as b Tagged as b Ambiguous

Three states: b, b, ambiguous — three mis-tag rates
w5 = 0.0206 + 0.0027 (KTn~ v — Kon ™)

wa_1 = 0.248 = 0.020 (Kg,ﬂ-+ Ty — Kg'ﬂ'_l_ 0 )
wr_a = 0.0067 £+ 0.0013 (K¢nt7n%y — Kontn~ )
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e Isolated photon, not from =°, n
e X, =Knn(n=1...4),<17° or X, = 3K (=)
emyx, < 2.1GeV/c? (i.e E, > 2.24 GeV)

A 1 — Wy p — WTSA Nb Nb
or - (1— (1 — 2 s — )N—I—N WALT [\
waA-T TLQre»b WT—SA b b T—w. s A
Dllaaon AEVPV, -

Three states: b, b, ambiguous — three mis-tag rates
wy,5 = 0.0206 £ 0.0027 (KTn~vy — Kon ™ ~)
wa_T = 0.248 = 0.020 (Kg,ﬂ-+ Ty — Kg'ﬂ'_l_ 0 )

wr_a = 0.0067 + 0.0013 (K3m*tn0y — Kntm—~)
eroppentra QU
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e Isolated photon, not from =°, n
e X, =Knn(n=1...4),<17° or X, = 3K (=)
emyx, < 2.1GeV/c? (i.e E, > 2.24 GeV)

ACP WAST
(1 — wa-T)(1 — 2wy 5 — 'wT—>A) Nb + Ny — 1= ,wA_)TNA

N

Dilution

Consistent with
B — K*~

[Nakao et al., hep-

08 1 12 14 16 18 2 ex/0402042]
M, (GeVic?)
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Fully Inclusive b — s~y
[Koppenburg et al., hep-ex/0403004]

P.Koppen bu g Radiative decays at Belle— EP seminar 2004/04/19 — p. 13
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Inclusive decay
® Theoretically clean!

* BR very sensitive new
physics.

...but the experiment agrees
very well with theory

BR(theory) = (3.79 tg:ig) - 10°

[Hurth, Lunghi, Porod, hep-ph/0312260]

BR(PDG) = (3.3 +£0.4) - 10~ *




.‘/tb W—l_ .‘/-‘ts O I I\\ [ I\‘l L | L | L | T I]|-6I3IOI8I0|2I-(I)]I-(I)
b > S 0| S0 > °  _posL \ 0™ Moment of )
L Lepton Energy |
t t _010 — st —
1> Moment of
~0.15 \ «— Photon Energy _
. o) (b—sy
—~-0.20lL" Moment \ )
S | of Lepton /St Hadronic
—_— O _ | Energy adronic _
b S7Y 09251 Mass Moment
<-0.30 / -
* At parton-level it is a ~0.35 15 Total :
- i Experimental
two-body decay. -0.40F e _
— QCD measurement of the -0.45- .
Bmeson _0.50_||||||||||||||||||| Ll ||||-
: O 01 0.2 03 04 05 0.6 7 0
— Infer lepton spectrum in A (GeV)

'ay»d b — flvg — V, and V.
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[£  Method BR x 10~4

D
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CLEO'95  3fb™" Knm  2.3240.57 +0.35
Aleph '98 Z — bb 3.11 4 0.80 & 0.72
Belle '01 6fb~" Knm  3.36+0.53 4+ 0.42 795
CLEO'01  9fb~"' Inclusive 3.21 4 0.43 4+ 0.27 1018
(BaBar'02) 54fb~" Inclusive 3.88 &+ 0.36 + 0.37 1025

® Erroris limited by systematics

* X, from Knm leads to large model errors
* 65% of the hadronic structure is unknown
— Use Inclusive method
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[ C Meth
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CLEO '95 3fb~!  Kn
Aleph '98 Z — bb

Belle '01 6fb~! Kn > 40l

CLEO'01  9fb™" Inclus=
(BaBar '02) 54fb™' Inclus <

Weights

° F* > 2.0 GeV

e \With 15 times more
data, Belle can reach
E* > 1.8 GeV

P.Koppenburg

00000000000
T T

+ Data

— Spectator Model

CLEO 01

[PRL 87, 251807]
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[ B to gamma
o pi0

Bl from eta

W Vis—1ded

[l ~ddBg

[0 other source

[ rrom continuum

2.6 2.8
CM energy [GeV]




Data sets:
e 140 fb~! ON-resonance
e 15fb~! OFF-resonance

Event selection:

Entries per 33 MeV

® Hadronic events with
Isolated photon(s) in
ECL. E* > 1.5 GeV.

* \eto ~ from =° and .

* Apply event shape cuts
to suppress continuum
16 18 2 2.2 24 2.6 2.8 3
CM energy [GeV] background.

Optimise cuts to maximise statistical signifi-
cancein 1.8 < E* < 1.9 GeV bin
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(@)

OFF-resonance data
IS scaled accord-
Ing to luminosities
and subtracted from

TN

’ : ON-resonance data
102;—
: —Still dominated by low-
10 | E* ~ background from
- B decays.
_....|....|....|....|....|...|.|.I...I|..Il

1
1.5 2 2.5 3 3.5 4 4.5 5 5.5
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Signal
Decays of «°
Decays of

e and
Bremsstrahlung

Decays of w(783)
Decays of J /v
Other decays
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52%

69 10°

8%

1%
1%
1%

2% 102;

10 |
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Signal
Decays of 70 52%
Decays of n 6%
e and 8%
Bremsstrahlung 2%
Beam-gas 5%
Decays of w(783) 1%
Decays of J /v 1%
Other decays 1%
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Measured spectrum
Measured spectrum
Scaled MC

Scaled MC

Random triggers

Sca
Sca
Sca

ed MC
ed MC (thanks to M. Misiak)
ed MC




10°

104
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x*/ndf 6299 / 111
Norm 1 0.1303E+06
Mean 0.1336
Sgmal 0.5744E-02
L Norm 2 7080.
B Sgma 2 0.1728E-01
B Alpha -1.346
i Power 5.113
Backgrnd 7833.
Bk slope 2286.
70 mass fit

P.Koppenburg

01 0125 015 0175 02 0225 025 0.27/5 0.3
yy mass [GeV/c?]

Binat E* = 1.775 4

All 2~ pairs with helicity angle abs(cos a) < 0.5

¥’/ ndf
Backgrnd
Bk slope

0.1030E+07/ 103
0.2205E+05
-0.1537E+05

n mass “fit”

'ﬂ
10
i | | ‘ | ‘ | ‘ | | ‘ |
0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
yy mass [GeV/c?]
- 0.025 GeV
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> O MCtruth
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< Big discrepancies between OFF -
- data and MC at high energies.
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35 S aT 290 T 5% Exponential fit with

P1 2048. + 12 || fixed slope (from ON
fit) in the E range
above endpoint, but
before threshold ef-
fects: 2.6—4.0 GeV
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2E5r = 2E5, — 60 MeV = 10.52 GeV
&l — Average w° energy is lower

energie

ergy!

threshold ef-
.6—4.0 GeV

- o0 2200 1 56 Exponential fit  with
1 P1 2048. + 12 || fixed slope (from ON
n fit) in the E range
i 2E}%, = my@4s)c® = 10.58 GeV endpoint, - but

E* — E*

corr

No correction of OFF

S

250 effect!
— Correct OFF en-




2 3 3.5 4 4.5 5
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T 230 7 5% Exponential fit with
o | P1 -493.7 + 70| fixed slope (from ON
fit) in the E range
15 j 2Ef, = My (45)c% = 10.58 GeV eﬁdp‘%'”lta b‘;t
1 2E%__ = 2E%, — 60 MeV = 10.52 GeV bttty
N .6—4.0 GeV
e :> Average 7% multiplicity is lower
- E
5 E:OW — Eb::m E*
| || ko Proportional
’ | |W% h*r*ﬂ*+f+*"****"+ """ correction
i LINTRY
: | | {H (—60)
5 ’ |
_ ‘ I I ‘ I I ‘ I R |




: /ndf 2604 | 56
P1 76.33 + 77.98

25 |-

20

15

10

(6]
I L L AL B == = == I B R

el P.Koppenburg

Exponential fit with
fixed slope (from ON
fit) in the E range
above endpoint, but
before threshold ef-
fects: 2.6—4.0 GeV

E> = 1.0042E*

corr

Then scale by 1.0004.

Values obtained from
generator-level Pythia
study




Background category

Signal 25%
Decays of 52%
Decays of 6%
e and 8%
Beam-gas 5%
Bremsstrahlung 2%
Decays of w(783) 1%
Decays of J /4 1%
Other decays 1%
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~
Measured spectrum w0
Measured spectrum n
Scaled MC Mis-ID
Random triggers Data
Scaled MC ~
Scaled MC ~
Scaled MC (thanks to M. Misiak) ~
Scaled MC ~




For each of the 5 background categories and for each set of
cuts, we correct the MC efficiency using data control samples.

Control samples:
* Main stream (i.e. all events passing cuts)

e 70 anti-veto (almost pure ~ from =°)
* Partially reconstructed D — Kz=w® (pure ~ from =%)

e ~ from symmetric 7% decays, with other ~ screened (to
force random combinations)

For each sample, we have ON, OFF — BB
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e B — 79 yields from data
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Entries/50 MeV
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1.05
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Data//spe tl’lf!\h
o b d b b T
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t z)

2 25 3 35 4 4.5 5
WE [GeV]
- X' /ndf 1526 / 11
L P1 1.371 + 0.1469
| P2 -0.1482 + 0.7918E-01

""‘S,_

Data/MC ratio

16 17

18 19

2 21 2.2
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e B — 79 yields from data
* B — nyields from data

=
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=
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Data/MC ratio
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e B — 79 yields from data

1€ veto effj ciency
[{e]
[8)]

o
©
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* B — nyields from data
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B — n yields from data

70 veto for 7% — partial D sample
70 veto for others — screened #°
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B — w¥ yields from data
* B — nyields from data
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B — n yields from data
70 veto for 7% — partial D sample

70 veto for others — screened #°
Isolation cut efficiencies — main

Stream

Calo cluster shapes for photons

from anti-veto =%
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B — w¥ yields from data
* B — nyields from data

e 70 veto for 7% — partial D sample

e 0 veto for others — screened «°

® [solation cut efficiencies — main
stream

® Calo cluster shapes for photons
from anti-veto =°

e Event shapes: =° anti-veto BB
data (checked with other
samples).
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B — w¥ yields from data
* B — nyields from data

e 70 veto for 7% — partial D sample

e 0 veto for others — screened «°

® [solation cut efficiencies — main
stream

® Calo cluster shapes for photons
from anti-veto =°

e Event shapes: =° anti-veto BB
data (checked with other
samples).
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No significant devia-
tion from 0




BB subtraction.

® Background

;"'--- ® Before subtraction
P 4 O After subtraction
- :@:
104 E.. Using MC and apply-
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Z &om Py yield corrections.
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Raw spectrum after
all cuts and back-

5000 - .

Z o ground corrections
a000 ]I
ool <|> Signal yield:

~ | 24100 & 2200 events.
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) Statistical signifi-
8 |- cance.

Up to To at
2.25 GeV.

Sgnificance/ 100 MeV

From MC we ex-
pect > 10 In 1.8—
2.8 GeV.

OK.
Except undershooting
In the 2.75 4 0.05
bin.
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Efficiency corrected
i T spectrum.
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BR=(3.51 4+ 0.32 + 0.29) - 104

In 1.8—-2.8 GeV range.
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Source of systematic error

Raw branching fraction 3.51 = 0.32
Efficiency and yield scaling + 0.21
Choice of fitting functions + 0.048
Number of BB-events = (152.0 1 0-3) . 106 s
ON-OFF data subtraction + 0.026
Other BB photons + 0.055
71 Velo on 7 - 0.009
Sighal MC 1 0.090
Photon detection efficiency + 0.073
Energy leakage T+ o090
Sum for partial B(b — gq~) o
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Raw b — gvin 1.8-2.8 GeV.:
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(3.51 -

- 0.32 1

- 0.29) - 1074




Raw b — gvin 1.8-2.8 GeV: (3.51 +0.32 £ 0.29) - 10~
Via_Corrected hepphiosizeeo;  (3.38 & 0.31 T 020 4 0.02) - 10

Vis
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Via
Vis

Full spectrum:
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Raw b — gvin 1.8-2.8 GeV.:
-Corrected [hep-ph/0312260]:

(3.51 - 0.32 7
- 0.31 T

(3.38 -

- 0.32
- 0.33 "
- 0.32 "

Kagan-Neubert [pLe539:227):
Bigi-Uraltsev pamp A17, 4709]:
Gambino-Misiak [np Be11, 338]:

(3.53 -
(3.56 -
(3.55 -

- 0.29) - 1074
0.29 _
0.30 1 0.02) . ]_O

+ 0.30 4 0.11
— 0.31 — 0.05

0.30 -
0.31 1 Oo04:) . ].O
0.30 + 0.11
0031 - 0005

) - 10~

) - 10~
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Raw b — gvin 1.8-2.8 GeV.:
-Corrected [hep-ph/0312260]:

Via
Vis

Full spectrum:
Kagan-Neubert [pLe539:227):
Bigi-Uraltsev pamp A17, 4709]:

Gambino-Misiak [np Be11, 338]:

Combined:

(3.51 -

- 0.32 +0.29) - 104

(3.38 -

(3.53 -
(3.56 -

- 0.31 7 929 £ 0.02) - 10

0.30 + 0.11 —.
-0.32 7 0.31 " 0.05) - 107

-0.33103Y +£0.04) - 10

(3.55 -

0.30 & 0.11 _,
-0.327F 03] T 00s) - 107

- 0.32 + 0.30 + 0.11) .10~

(3.55 -

— 0.31 — 0.07

We measure ~ 95% of the full spectrum.
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| C Method

BR x 10~ 4

CLEO '95 3fb~" Knm  2.3240.57+0.35
Aleph '98 Z — bb 3.11 4 0.80 & 0.72

Belle '01 6fb~" Knm  3.36 £0.53 &+ 0.42 7029
CLEO 01 9fb~" Inclusive 3.21 +0.43 4+ 0.27 7013
(BaBar'02) 54fb~" Inclusive 3.88 4+ 0.36 & 0.37 10-33
Belle'04  140fb~" Inclusive 3.55 4 0.32 7230 +0-11

— 0.31 — 0.07

[Hurth, Lunghi, Porod, hep-
ph/0312260]

Theory
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Raw:

(E,y) = 2.252 5
<E§> —(E)? =0.0413

Correct for:

mean and broadens)

®* B boost (shifts and
broadens)

5 ble)
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* Energy resolution (biases

- 0.026 -
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Belle:

(E,) = 2.292 + 0.026 & 0.034 GeV
<E§> — (E,)? = 0.0305 & 0.0074 + 0.0063 GeV?

Correct for: 20000 |- HT

* Energy resolution (biases 1 B
mean and broadens) | I T

* B boost (shifts and 10000 |- T 1
broadens) ] T lT

® 100 MeV binning (negligi- a4 T .

® ble) 0 '_116 | 1.8“ “2‘ | ‘2‘.2‘ | ‘2ﬁ4‘ | ‘2‘.6‘ FIQ.;I_ILEZ
<o

BELLE
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— 2.292 4+ 0.026 & 0.034 GeV
— 0.0305 £ 0.0074 & 0.0063 GeV?

(Ey) = 2.346 1 0.032 £ 0.011 GeV
<E§> — (E.)?> = 0.0226 £ 0.0066 % 0.0020 GeV?2.
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Conclusion

® |Inclusive measurement of b — s~ at Belle.

®* For the first time E* > 1.8 GeV

_ N +0.30 +0.11 _4
* BR: (3.55£0.32 7030 £ 041) - 10

* Moments: (E) = 2.292 + 0.026

0.034 GeV,
- 0.0063 GeV?

* (E?) — (E)® = 0.0305 & 0.0074 -

P.Koppenburg

Radiative decays at Belle— EP seminar 2004/04/19 — p. 30
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Conclusion

® |Inclusive measurement of b — s~ at Belle.

® For the first time E* > 1.8 GeV
* BR: (3.55£0.32 7030 £ 041) - 104

* Moments: (E) = 2.292 4+ 0.026 #+ 0.034 GeV,
* (E?) — (E)* = 0.0305 & 0.0074 4 0.0063 GeV?

® First evidence for b — d~
* BR(B — (p,w)y) = (1.8 06 0.1) . 106

* No CP violation in B — X~
* Acp(mx, < 2.1GeV/c?) = (0.2 + 5.0+ 3.0) %

P.Koppenburg Radiative decays at Belle— EP seminar 2004/04/19 — p. 30
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Backup Slides
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Fully Inclusive b — s~y
[Koppenburg et al., hep-ex/0403004]

P.Koppen bu g Radiative decays at Belle— EP seminar 2004/04/19 — p. 32



Photons passing good_gamra with Eg/FEs5 > 0.95

O E* > 1.5 GeV and —0.5 < cos @ < 0.88
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% - e Probability
?'45 - e MZS&CLIJtIvvith P>30 MeV
& - e Masscut with P>40 MeV
804 — e Masscutwith P>50 MeV
5 A better 70 veto
D35 -
0.3 ; Based | _qn 2D E,—m.,
- probabllities
025
02 | Code and documentation:
i - see Belle Note 665.
A5 —
01 : | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | |
0.5 0.6 0.7 0.8 0.9 1

signal acceptance probability
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O Photons passing good_ganma with Eg/Es5 > 0.95

O E* > 1.5GeV and —0.5 < cos @ < 0.88
O w0, veto: P.o < 0.10 and P, < 0.20
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Photons passing good_gamra with Eg/FEs5 > 0.95

O E* > 1.5 GeV and —0.5 < cos @ < 0.88

O w0, nveto: Po < 0.10 and P, < 0.20
C Event Shapes: Fgs < —0.28 ++ T
35 ﬂﬂﬁ .:.;u‘-
3 {P P
25 by s
T
L + 4
15 : ¥ ﬂh :
S Y
0.5 } : 3 *Q ii
OE‘\/ H‘\H‘?Pw.‘h#‘m
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BELLE

10-vars Fisher discriminant
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Photons passing good_gamra with Eg/FEs5 > 0.95

O E* > 1.5 GeV and —0.5 < cos @ < 0.88

O w0, nveto: Po < 0.10 and P, < 0.20
O Event Shapes: Fgs < —0.28 0'6 + -+ e
O Virtual Calo: Fyc < —2.0 s | wﬂ%
04 ++ W
L + +# -
0.3 v TQN
02 | 'jﬁl' ¢
- W g,#
0.1 : L )"& \
O N T RN - rof o N S
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Virtual calorimeter Fisher discriminant
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Photons passing good_gamra with Eg/FEs5 > 0.95

O E* > 1.5GeV and —0.5 < cos @ < 0.88
70, n veto: P_o < 0.10 and P, < 0.20

Event Shapes: Fgs < —0.28
Virtual Calo: Fyc < —2.0

No lepton cuts!
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Photons passing good_gamra with Eg/FEs5 > 0.95

O E* > 1.5GeV and —0.5 < cos @ < 0.88
70, n veto: P_o < 0.10 and P, < 0.20

Event Shapes: Fgs < —0.28
Virtual Calo: Fyc < —2.0

No lepton cuts!

Isolation cuts




Ejy: Energy de-

o6l © Daa f, posited in 3 x 3
- M . cells around
. cluster centre.

10° . | Ess: Energy de-
posited in 5 x 5
al cells around clus-

i ﬂ ter centre.

03 kFor photons, the ratio
IS close to 1.
- Hence one requires

1020 Eg/Es5 > 0.95.
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EyfEss
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- 2 After w0, n vetoes and
oo © Daa Y. Isolation cuts
- = MC - .
J ® The E9/E-5 dis-
- . tributions Iin data
10° - and MC are very
- different
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Decay chain D* — 7w D°, D® — 7+ K~ 7% (BR=13%)
Partially reconstructed as 77+t K~

Gets a too low D® mass... ...butthe right D* —D° mass.
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Clean ¥ — ~ sample:

® The efficiency of

the 70 probability
cut is flat versus
the v E*

* there is a significant
difference between
data and MC.
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Endpoint check
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