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Introduction

Motivation

FCNC process;
sensitive to NP in loop;

Incl. Radiative B Decays @ Belle

2

EPS HEP 09, Krakow, June 2009



Introduction

Motivation

FCNC process;
sensitive to NP in loop;

600,

B =Xy Ry LEF B -1 B Dty £ - v

500

Incl. Radiative B Decays @ Belle 3 EPS HEP 09, Krakow, June 2009




Introduction

Motivation

FCNC process;
sensitive to NP in loop;
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Introduction

Difficulties

theory:
parameter extraction from
partial Br(E >E;
extrapolation needed;

—

fraction of

b— sy with Ey< E;
CDY(E=1 9 GeV)~7%
CDY(E=1 7 GeV)~3%
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Introduction

Difficulties

theory:
parameter extraction from
partial Br(E,>E ) —
extrapolation needed;

experiment:
measure low E, —
huge bkg.
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Measurement

Inclusive measurement fi o Y
126GeV<E<220GeV >
only y on signal side reconstructed; \ Xs
Btag
two samples: tagged/untagged; / Fischer discriminant

based on energy flow

imi itivi d event-shape f
similar sensitivity, igntﬁ]\ﬁnmz ue;)ppe or

largely stat. independent, profit
from combination
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Measurement

Inclusive measurement fi o Y
| | 126GeV<E<220GeV > >
only y on signal side reconstructed; \ Xs
Btag
two samples: tagged/untagged; / Fischer discriminant

based on energy flow

similar sensitivity, 222&&”; sz;ap[:)e for

largely stat. independent, profit
from combination
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Background treatment

0 (¢'¢ — Hadrons)(nb)

]

o: lumin. ratio,
Vs dependence, ~8.8

NB§ ECMS — NON ECMS —OlC NOFF I: ECMS CS: eﬂ:iCiency;
( y ) ( 7 ) d (Fe 4 ) Fe: lower E, in off-data
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Measurement

after vetoing n°%, n — vy
Background treatment

licit veto 0 - =
eXp ICIT velo -, n—vy, 105:€ :'rc])t—iq; decays
g —— Beam bkgd
. . . . . 10°E Mis-ID e
individual remaining bkg. categories % is 1 Racrr
- _ igha
taken from MC: 10as c
=T L
103:E Tl
10% signal
10%— 1—16, n—vyy
[ e— |
1= other B decays ‘ ‘U TR 0
10_1: | 1 1 1 1 | 1 1 1 1 | 1 1 1 ‘|
1.5 2 2.5 3 3.5

65% of remaining bkg. & [€eV]
from 7% n — yy
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M easureme nt Belle, arXiv:0907.1384, 605 fb-!, subm. to PRL

after vetoing n°%, n — vy

Background treatment
explicit veto °, 1 — yy;

individual remaining bkg. categories
taken from MC;
shape and yield corrected by data
control samples;
- inclusive B— n°X, nX samples
reconstructed in data

(off- data subtraction) and MC;
5%-10% correction to MC yield;

- veto eff. measured by partialy
reconstructed D° —-K-n*n9;

- timing info for EM calorim. clusters

(overlapping evts.: hadronic + Bhabha);

10° ¢

10}
10°
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1(II=

‘ otherBdecays ‘ mw

-

10"

105;§
10°E

— WYY

=Y
— Cther decays
—— Beam bkgd
Mis-1D e
Mis-1D hadron
Signal

o — vy

1. 5
65%
from

- beam background from random trigger events;
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Measurement

raw spectra

each bkg. (scaled by control samples)

subtracted;

control region: -1629+4894

Incl. Radiative B Decays @ Belle
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Measurement Belle, arXiv:0907.1384, 605 fb'!, subm. toPRL ———T——1T———1———1—

60001~ }[ﬂ un-tagged-
raw spectra uH i
each bkg. (scaled by control samples) = l } 1
subtracted; Pl ﬂ MH L 4
corrected spectra e .??H Ilﬁ{ i ﬂ““‘*
correct for select. eff. (g 5q ~ 19%, &15g ~ 2.5%); 2000] _:
average tagged and un-tagged L
spectra taking stat. correlation control region: -1629+4894  1245+4349
into account (p ~ 0.1);
30000%__ HH _ 1000; tagged —
T ] H t ] B ]
20000+ | _ 1 H ! = > 500[7 ]
Ewoooi—-- l H EE B ; { t i
3 bl [ 5 g o E%H E**TW}EE%JEEE
Il : il
5-10000;—" ! ' average - so0lt ]
-20000 — al < _ :
30000;.._|...|...|...|...|...|..._; 4000?5 £2|53|E$3|"§"[Gev_?
14 16 1.8 2 22 24 Eﬁ"z";?Ge\?].a '7451889 2921410
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Results

corrected spectra
unfolding EyrneaS — Eytrue

calibrated using radiative di-muon evts
(average E, resolution 2%);

correct for EM cluster detection eff.;

correct for B — Xy (Rys=4.5%  0.3%)

boost to B meson rest frame
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Results

corrected spectra
unfolding E meas — E frue
calibrated using radiative di-muon evts
(average E, resolution 2%);

correct for EM cluster detection eff.;
correct for B — Xy (Rys=4.5%  0.3%)

boost to B meson rest frame

Branching fraction

main syst. uncertainties:

from B background other correction factors in

than 7% n (varied by 20%,  off-data subtraction:;
using various models);
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Results E min
corrected spectra Cle e (1) el -
unfolding E meas — E frue
calibrated using radiative di-muon evts Belle semivincl (01) || @ | | |22GeV
(average E, resolution 2%);
correct for EM cluster detection eff.; BaBar semiincl 09 | | S
correct for B — X,y (Ry=4.5% % 0.3%) BaBar incl. (06) | e || 1.9GeV
boost to B meson rest frame
BaBar had. tag (08) H H Y i i 1.9 GelV
Branching fraction
Belle incl (09) | |.| | 1.7GeV
Naive average 3.5710.24
main syst. uncertainties:
| I I J \

3 35 4 45 5

from B background other  correction factors in Bri 107

than 7% n (varied by 20%,  off-data subtraction:; Br(B > X_7:1.6GeV <E.)
using various models); s/ y
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Results

Moments

min
EY

moments (and Br’s) given for various

(2.282+0.015+0.051) GeV

@ Emn=1.7 GeV

(0.0428+0.0047 +0.0202) GeV ?

2
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Moments
moments (and Br’s) given for various E ™"

|

(=]
[=]
=1

0.4

o
o
12

- v

=]
o
-

5/2- (E.) [GeV]

I
(E) - (E)* [GeV?]

: - . 0.03
0-15;_ T Belle inclusre (‘05) =

0.1 ¢  BaBar inclusive

. EBaBar sum of exclusive = 0.01°

0.05

+  Belle inclusive ‘05) ]

¢ BaBarinclusive (prelim)

*  BaBar sum of exclusive N

- this meas. -

L L1 L
22 23 2.4 25 1.6

E min [GeV]

2.282+0.015+0.051) GeV
’ * = (0.0428+0.0047 +0.0202) GeV 2
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E min [GeV]
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Constraints
constraints on type-ll 2HDM E(OB_Z;

0.35

Bri (B — X,7;1.6GeV <E,) = (3.15+0.23)-10* ..

Br(B — X,7;1.6GeV < E,) = (3.57+0.24)-10

My, > 300 GeV @95% C.L.

Incl. Radiative B Decays @ Belle

\ Br [10]
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Constraints
o(Br) . .

constraints on type-ll 2HDM [104] TN e
Bro" (B — X,71.6GeV <E,) = (3.15£0.23)-10 .. **
Br(B — X,7;1.6GeV <E ) =(3.57+0.24)-10"
My, > 300 GeV @95% C.L. N Br [10]

900
2.8 3 . 3.4 . . .2

constraints on Wilson coeff., MFV

using 6}
Br(B —X,y),
Br(B —X.%q2),
Br(K —»nvv ), T
Br(Bs —up),
Ars(B —K*;02) ; 2

I | 68% prob.
95% prob.
Hl °5%p

using Br(B —X,y) only ot

5C,

B(B — Xs7)(Ey > 1.6GeV) = 3.13(23) x 10 x (1 — 2.285C; + 1.516C2)
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Summary

measured Br and dI'/dEy of inclusive B — X y decays;
* lowest Ey™n (=1.7 GeV);

 most precise measurement up to date;

» constraints on NP models and QCD parameters used
inV,, V,, determination;
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Detector more

o(E) 13%
E  JE[GeV]

N 5mm
" JE[GeV]

O

EM calorimeter
Csl (16X,)

Incl. Radiative B Decays @ Belle

21

EPS HEP 09, Krakow, June 2009



b— cfv more

relation b— ctv /b— sy

in OPE b
La(b—re) = ZETE |y, 12 (14 Agy) 47 (r, )
r=m2(u)/mi(p)
2(r)
2(1—r)* =
pl(p) = (Blb(%D)zblB)p, pg(p) = 5 M (Blb UJkG”‘bIB>
1~ o
pp(K) = (Blb(—§ E)b|B), prs(p) = M@IB(U-EX%D)?JIBM
Kinetic scheme 1S scheme
0(1) mb: mc mb
O(1/m?y) Uz, W My Ay
O(1/m3,) Pps PLs P1, T13
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b— cfv more

relation b— ctv /b— sy
in OPE

ai(x; p) = a1(x; 0) — % p— —

by(z; p) =by(x;0) — %Op

as(z; p) = as(x; 0) — %C’F

bolz; p) = bo(x;0) — %Op
<E'y> = <E'y>pert + <E7>power + %Smb:

(ES—{Ey)?) = (By— (E,) )P+ (Ey— {Ey) )™ — 501,
<E )power _ M?QT B Mé . 510?})3 o 710%5 . C_2 p%S

K 4rny, 12?2 cr 54m2
2 3 3
2 S\power _ Hr QIOD — PLs 1
(By—(Ey) )P = 5 ————==+0 (m—g) -

12 12my
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b— cfv more

relation b— ctv /b— sy
in OPE

fraction of
bos utv with My <M ——

high E.: weight function ¢(E,) small,
dI'/dE, spectrum less important;

E, <2 GeV: weight function ¢(E,) ~ 1,
importat to measure dI'/dE,
precisey to low E,
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Ies

b— sy OPE more

b— sy

OPE

IN

in b— sy cuton E >E; used experimentally

B decays treatment

ive

inclus

ts the theoretical accuracy of

Imi

this |

IVIB'2Ecut;

E... = new scale A

bed as ser

some non-perturbative effects descr

ies expansion

if E.,; high - questionable ser

biases for E_,; > 1.85 GeV, breakdown for E_; > 2.1 GeV

iIscussion in

further d
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b— sy Off-data scaling more

25

L,,=605f"1 2= T off on
Ly =687 1 L e l l
bkg. treatment 3 A A ras)
subtract lumin. scaled off-data S S AebrisssiP i
from on-data (continuum bkg.); O Mas@evi -
;105§
_ 8 .
NBB (Efr.m.s(ON)) - NON (E:r.m.s(ON)) . §105_“ aﬂﬁunﬁggggﬁkﬂ&%%
ON ON S 1ok e
o - €Hadronic . €B-X.y N o B o —
(OFF (OFF N 8 .| on-data
Hadronic ~B—Xgvy g —
ATOFF c.m.s(OFF) & . scaled
N=2 (Feky ) = off-data
10
- subtracted
L R Y S Y S
E;""’S(GEV)

o lumin. ratio, including s dependence, ~8.8
Enadronic.Bxsy O - efficiency of hadronic and signal selection;
Fn.e: corr. factor due to lower mean E, and multiplicity in off-data
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b— sy Moments more

B(B — X,v) (1079 (E,) (GeV) AEZ = (B2 —(E,)” (GeV?)
EZ [GeV] 170 1.80 1.0 200/ 170 1.8 190  2.00 1.70 1.80 1.90 2.00
Value 347  3.38 323  3.03] 2282 2204 2311 2334 0.0428 0.0370 0.0302  0.0230
+statistical 015 013 011 010/ 0015 0011 0.009 0.007| 0.0047 0.0029 0.0019  0.0014
+systematic 040 025 016  0.11] 0051 0.028 0.014 0008 00202 0.0081 0.0020  0.0013
+boost 001 001 002 002/ 0002 0002 0004 0005 00012 0.0005 0.0008  0.0009

1+0.12 1+0.06 1+0.023 1+0.008 1+0.48 1+0.12
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more

b— sy extrapol.

2

L

I

>

o

©

(o))

2 < o ©

> o — —

> = = o

[0)) o o o

O H + +

© Tp) © <

— [eo) ™ (o))

I ® O © 9o
Ey o o o

e

®)

0

o > > >

y— [0)) [0)) [o))
d. O O O
Q N~ o o |
m ~— ~— AN

“— Il Il I

X > > >
() L L L

EPS HEP 09, Krakow, June 2009

28

Q
O
m
D
=
)
O
D
()
mn
@
i
e
0
o
&
o
©
i




b— sy tag/untag more

MC study: same FOM (N;,/6Ng;,) for tagged/un-tagged sample;

data
un-tagged sample:

Br(B — X,y;1.8GeV <E )=(3.24+0.17+0.25)-10"*
tagged:

Br(B— X,»;1.8GeV < Ey) = (3.50J_r0.19ir0.35)-10‘4
combined:

Br(B — X,7;1.8GeV <E,) = (3.38+0.13+0.25)-10

Incl. Radiative B Decays @ Belle 29
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b— sy MC

sum of exclusive K*y and inclusive;

inclusive: X, BW J=1 resonance, m=2.4 GeV, I'=1.5 GeV
hadronized by JETSET and reweighted according to

Kagan-Neubert

Dressed Gluon Exponentiation
Bosch-Lange-Neubert-Paz models
Gambino-Giordano

Benson-Bigi-Uraltsev
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b— s y decays outlook more

for Emn=1.6 GeV
(comparison to theory)
~few X more data needed 95% C.L. lower limit on m(H?*), all tan

0.4 . .
My »>2004 GeV
o(Br) AN
LRGeS
250
0.3¢ 300
HFAG, ICHEPO
0.25
L.L. can get as 0.2 Belle,\50 ab-!
high as ~500 GeV + existing meas.
0.15
B x 10*
28 = By 2 e BuG 3.8 4 42
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b — sy CPV more

t-dependent CPV

in SM: helicity structure of effective Hamiltonian
bgr —S,y. o m, (since W in loop couples to b, spin flip required)
or
b, —Sgyr o Mg

SM favored SM disfavored,
enhanced with RH current

interference , )\J‘g@""/ e )
mixing/no-mixing for T ~—_ L S
e S By
br =Sy, ocmy 7)) ) T e, S
s s

b — br —sy. o Mg b _—
CPV in SM o« m/m, M't{""'»\va J i

appropriate modes: K*(K;n®%)y, Kny, Koy (ang. analysis necessary), ...
NP with heavy right-handed fermions in loop can enhance CPV;
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b — sy CPV more

i

s

(2m/my)sin2¢, ~ 0.04

y) ~0.67 sin2¢, ~ 0.5

s

o

t-dependent CPV

Scp(K™)

SM
Left-Right Symmetric Model

IN

SIS

Scp(K%y) = -0.10 £0.31 +0.07

cp(Ksmdy) =-0.20 £0.20 +0.06
for m(K ) < 1.8 GeV (mainly K*y)

largest syst. from signal fract. and resol. f.

ts with

iona
upgraded SVD (K, - IP vix)

rtant add

Improvemen

impo

~2.0: 0 22 5§ FS

=5

=i

At (ps)

-

lar sensitivity for K pOy
(dilution from K*ry)

Simi

ﬂtsfpﬁ?

4

2

-2

5 -4

¢)
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b — sy CPV more
t-dependent CPV

expectation:
main syst. scales with luminosity
o(S(K%))=0.09 @5 ab"
0.03 @50 ab? (~SM value)
+20% increase in K, acceptance with SVD

DCPV
suppressed by |V, V"V Vie*|, as(m,) (strong phase), (m/m,)? (GIM);

OPE:
Acp(B—Xgy) = (0.442024) )%

semi-inclusive analysis:
K+(1-4)r; KKK(r), KsKK(m);
Acp(B—Xy;My<2.1 GeV) = (0.245.0+3.0)%

syst.: bias (detector charge asymmetry), possible bkg. aymmetry uncertainty of M(Xs) shape

Dr control sample measured asymmetries non-scaling
in other decay modes
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b — sy SVD more

to scale
r [cm] / \

20
... SVD SuperBelle SVD Belle

10 - T m}’ﬂ DSSD ladder ——— 17°< 8 <150°
s g s — -
= -\\‘; '__.--""’;!

0 _-_J?r’_-_
AT T T T T I T U O T T A

-30 -20 -10 0 10 20 30 40 . .

z [cm] (if two SVD layers/n required)
£ 2 ;= "E T 1 &
g 11358 S190] d e 1 @

-3 1 ¢ > | Thiass
£ 24 13 S [ ql 'E
N 1 3 (11| E ——EG—— N SO— ] %
| { . B [ na =
23| .25 i 1 &

221 | 51_2 1707 1 " .05

.10........11..H.‘.._!2..‘.:..;'3 IIIIIII 14 10 A Fa— 14
sth layers-positen (cm) 5th layer's positon (cm)
g for K reconst. Az resolution

in B —>K*0y
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Constraints on Wilson coeff. more

constraints on NP in C,
BIr( —Xs7),
Br(B —Xs®),
Br(K —»mvv )
Br(B; —uu), : -
no Br(B —K*& ) oL |
(large th. uncertainty) 0 Mo mmmmmmmm———

% CL.
L

[=1
[=1
m
[
m
"N
| &
=]
=
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