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Introduction

* Electroweak and radiative B decays are sensitive to
new physics in the penguin loop.

— Small SM branching fraction ()
— More precise theoretical predictions

— Many observables: 8, A_,, A, P<’, iso-spin asym. ...

 |n this talk :
1. B (BoX,7) 5 2. Agp (BoXuq 1); 3. BOX 1T 11 A, B, A,

cp’
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B—>X. v, Measurements & Prediction

e NNLO calculation: 8 (B—X, y) = (3.15+£0.23)x10*

with E, > 1.6 GeV.

e Experimental measurements

— Require minimum E,
— Inclusive approach

CLEO[9.11b"]
Inclusive
Babar{429fb
Semi-inclusive
Babar{347.1fb"]
Inclusive,lep-tag
Babar{210fb"]

Inclusive, Breco-tag
Belle[5.8fb]
Semi-inclusive

Belle[605fb"]
Full-inclusive

HFAG2012
(Average)

PDG2013

(Average)

— Semi-Inclusive approach
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SM prediction
3.15+023

3.28+053

352%0.55

3.90x1.11
—

3.6910.95
—_—
35010.44

355%0.26

340%0.21
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B—X, v, semi-inclusive

 Data sample: 711 fb~! (772 BB pairs)
* Signal reconstruction:

38 0 05 1. M;S [Gzev] 25 3. 35
* Signal Model;{ M,.<1.15 GeV/c? = B—>K*(892)

M,.>1.15 GeV/c? = Kagan-Neubert+JETSET
Generate with {
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* Veto D decays, B—>D") (Knrt) p

e Continuum suppression is achieved
by combining shape variables,
tagging and AE=E;-E_ ., into
Neural Network after the AE cut. '

* Choose the best candidate based on N

* Fiton M,.in 19 M, bins.  08<m, <09
Mpc = \/Tzlgeam_ Pé

Signal Non-peaking BB B
a9 Cross-feed '

: = 2 5.08 5.0
Peaking BB M, (GeVie)
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== Signal

wans Crossfeed

w7 Background
== BT Background

I 0.8-06-04-02 0 0204 0.6 OAB_I
NN classifier

N value.

1.9< M, < 2.0
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B—X, vy, Preliminary results

e With 0.6 < My < 2.8 GeV/c? (E,>1.8 GeV)
B (B—)XS v) =(3.51+0.17 £ 0.33) x 104
e Calibrate the Xs fragmentation

model by comparing the 10 fractions
of final states in data and MC.
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D .
<> B (B—X,y), comparison

Extrapolation to Ey* > 1.6 GeV and compare with theory
B (B—>X,y)=(3.74+0.18 £ 0.35) x 10

SM prediction
3.15023 °

Best semi-inclusive
CLEO@.1f7]| ° . 3284053 result

Inclusive

Babar[429{b"]
Semi-inclusive

3.5210.55

Babar[347.1fb""] : - 3.3210.35

Inclusive,lep-tag
Babar[210fb"] : 3.90t1 11
Inclusive, Breco-tag =
Belle[5.8fb"] , 3.(&9_U_95
Semi-inclusive
Belle] 605fb']
Full-inclusive
HFAG2012
(Average)
PDG2013
(Average) —— 3.4020.21

Our result - & ' 3.7410.39

IIIII||III|IIII|II|I]IIII

25 3 35 4 4.5 -
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Direct CP Asymmetry in B — X v

* Small Agpin SM. S ) Y
A S I'B—>f)-T(B—f) (f = Xd'Y)B_)XSy —O.E?)A—Z.OSA)
CP F(B—)f)+F(B—)f) S dY |—62% — 14%
Aq — AT B_)Xs+dy ~0
CP qu /q_drs
avg
AT ec Im (Vig VabVeq V&)

Due to unltarlty of CKM matrix, AI'S = — ATY

Semi-inclusive
e Clean Probe for [

new physics 152 M BB

e Previous results REEE L ———
383M BB

Inclusive

Babar
383M BB

Standard Model
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Acp(B = X, v), Semi-inclusive

Data sample: 429 fb~! = 471 x 10° BB pairs
-lavour specific X, states: 10 for B* and 6 for B°
Require 1.6< E;< 3.0 GeV

Best candidate: AE/c¢, My, FWM, thrust, P ,
Reject continuum : shape variables & nt° score

Possible asymmetry bias:
— Asymmetry due to g(K£) = D**— DO ¥, DO >K-n*
— Peaking BB background = MC

2014/7/17 EW and radiative penguin transitions 9



G2\
AR
Gl

-,
Iar’

A Acp(B — X, y) and AA.,, Preliminary

* With BaBar full data sample, [ElSARTIEEL

Ap(B = X, y) =(+1.7£1.9£1.0)%
AA(XY) = Acp(XZy) — Acp (XJY) = (+5.0£3.9+1.5)%
* AA(X, ) is related to Cg, and C;,

Ag
1OOM Vv IM(Cgy/C7))

Interference amplltude Aog; 17< A, < 190 MeV

Benzke et al., PRL 106,
In SM, Cg, and C;, are real. = AA =0
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Implication on Im(Cg,/C;.)

min [ (AAy,— AAg,,)°]
Minimum y? = Ay

2
O
—1.64 < Im(CSg/C7y) <6.52 @90% CL arXiv:1406.0534

190 T T T . : :
1 1 |3 68% C.I.

175) | L BABAR == 90%C.l.
i i i i y i

preliminar

min ;\j2
s 68% C.I.
90% C.I.

Im (ng/C7y)
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B—>X..q 7, Analysis method

¢17<E <2.8GeV
e Veto y from w° ()— vy.

e Veto pile-up y based on timing info. Ciltti-'??iiom
e Tag leptons with 1.10 < P, < 2.25 GeV/c

e Suppress the continuum using BDT.

— Topological variables: Thrust, Modified FWM

, : h . p)
— Kinematic variables: M-, E;

— Isolation and calorimeter variables for y.

I Signal
77 BB
— Continuum
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£ B—X.,, 7, Background Calibration

e Sources:
— Continuum = off-resonance

— ¥ and n to yy = Estimated from

MC with correction factors in P_ ()" C= Ny

Study n” and n veto using BDT sideband.
— Other BB background from MC.

45 — Signal 21.2%
™ =y 49.5%
2nd photon is lost
n— Y 7.9%
Other BB 9.0%
Continuum  12.4%=—e Off-resonance data

e Measure B(B—>X n%/n)

in data and MC
Non — Otor Nogs
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D
<t~ B—X.4Y, Wrong Tag Fraction

* Vi Wosc v Wsec v WmisID e B-B mixing g=0.187

Ag;e y 1 ACmPeas e W, from MC.
I ZW e D*'— D°(K=tt) " for misID
e Detector bias
Factor Value
— Lepton ID . Wmistp 0.0069 £ 0.0034
Tag-and-probe using J/y — (4~ wond  0.0431 £ 0.0036
e Noass . p — ET—€& wose  0.0913 £0.0015
T Nt Ngy ' 0 (?6 {rlijr 0.07)y R 0.1413 =+ 0.0052
- . V. (0]
— Tracking

Partially recon. D* = (—0.01+0.21)% s

— Asymmetry in BB background
Data in E;‘< 1.7 GeV = (-0.14£0.78)% [

0
26 28 3 32 34
m,. [GeV]
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“ 0 Acp(B—=X.,q ¥), Preliminary

- Background subtracted
e /70 M BB pairs

obs N, —N_ I 6 S 4
ACP — % ) E
N, +N_ g
true . g
A- in E, threshold £

AI{EE{E?‘" >1.7)= 1.32+4.43 +3.49
AG(EM>1.8)= 2.41:4.28 +2.63

AG(EM>1.9)= 1.00£4.09 +1.87

AggE(Ej“ >2.0)= 2.11+3.96 +1.24

AGA(EM>21)= 223+4.02+0.78
1.8 2 2.2

Energy threshold (GeV) AggE{Ej“ >2.2)= 1.55+3.99 +0.52
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= Comparison with other results

e Most precise measurement.
Statistical uncertainty dominant
Acp(B—X.,47) =(2.23 £4.02 £ 0.78)%

Belle (770M BB)

BABAR (383M BE)
PRD 8&, 112008

CLEO (10M BB)
PRL 86, 5661

E; > 2.2 GeV

2014/7/17 EW and radiative penguin transitions 16



B—oXs /(-

* The Xs ¢*/~ decay can be expressed with C,, C, & C;,

 probe new physics with observables as a function of
g° (M?,)): BF, Acp Agg, Aig, T, ... Other variables

° A » N(C059>0)—N(C059<O) Forward event Backward event

= -p RI*
B N(cos6>0) + N(cos0<0) ¢ %

2
«—Re [ (2CS™ Miz ceyc ] | :

A.; in exclusive B> K'I*I-
Theory H Binned

* Apgin B>K*0*(- P:as been e T
measured by many experiments.

* Less theoretical uncertainty in
inclusive B —>Xs (/.

q? [GeV?/c4]
2014/7/17 EW and radiative penguin transitions 17
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<> BX ("0, semi-inclusive

BELLE

* 18 states for X,, 1 K* (K¢) + up to 4 & (at most 1 r’). Only
10 flavor specific states are used for A.;. (M, < 2.0 GeV/c?)

* Veto J/y (y')—>¢*¢~. = wider veto range for e*e".
» Suppress background using Neural Bayes (23 variables).

e Semi-leptonic B decays e Continuum
— Lepton vertex separation  — Shape variables

— Missing mass
— Visible energy

* Peaking backgrounds = | 2. bouble miss ID from B—>D*) nr.
3. Swapped mis ID in B— J/y(y’) X,

1. Leakage from B— J/w(y’) X, veto.
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I
<£> B—X_(*(~, Signal Extraction

Divide data into 4 g2 regions to perform a fit.

* Correct A" to AlTke.

ATUE= g x AraW b

FB
= o2 DXENS AraW - Rec. Eff.
o.: scale factor due to
rec. efficiency
B: correction due to
different J/w(y’) veto
range.

-
-
=
L
o
=
~
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>
<2 A (B—>X (0 ), Results

* The measured A.; values are consistent with the SM.
— The deviation of the 1% bin is 1.8 ©.
— Exclude Az <0 at g>> 10.2 GeV?/c? at 2.3 .
arXiv: 1402.7134; submitted to PRL
B SM prediction

0.34 & 0.24 + 0.02 |
0.04 + 0.31 + 0.05
0.28 & 0.21 + 0.01
0.28 & 0.15 + 0.01
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B—>X, (74—, semi-inclusive

* Reconstruct 10 X, states with 1K (Kg) +0-21 (=1 n)
for branching fraction and 7 self tagged states for A,.

This 10 X, states correspond to 70% of inclusive rate
with My, < 1.8 GeV/c?.

* Extract the missing states and the states with
M,.> 1.8 GeV/c? using JETSET fragmentation and
theory predictions.

* Kinematic requirements:

M > 5.225 GeV/c?; —0.1<AE < 0.05 GeV for X.ee ;
|AE| < 0.05 GeV for X,up
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g B—>X, /74, Analysis Strategy

* Use likelihood ratio defined from BDT output to
distinguish signals and backgrounds.

* Veto J/y and v/’
* Measure dB(B—X, (*¢~)/dg?in 6 g* & 4 M,, bins.
* Measure A, (B—X, £707) in 5 g° bins.
Lielihood ratio on J/y sample ¢ Data sample: 471x106 BB pairs

—— OnPeak Data _—
g° bin m3, ( GeV?/c*) mge ( GeV/c?)
1.0-6.0 1.00 — 2.45
01-20 032-141
20-43 1.41 - 2.07

—BE + udsc MC

43-8.1 2.07 — 2.60
10.1 - 12.9 3.18 — 3.50
14.2 — (Mg — Mj)?  3.77 — (Mg — M})
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5t g bin for
X, ee

15t g bin for
Xs pp

Total PDF
— Signal

Signal Crossfeed

Events / ( 0.0022)

- BB Bkgd.
udsc Bkgd.

Charmonium Bkgd.

2014/7/17

Signal Enhanced Range: Ln >0.8 Signal Enhanced Range: m__ > 5.27 GeV/c

Signal Enhanced Range: m__ > 5.27 GeV/c?

Signal Enhanced Range: Ln > 0.8

-
2]

-
»

-
N

Yy
(=]

Events /( 0.0190)
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B(B—X, £+~ ), Results

Phys.Rev.Lett. 112, 211802 (2014)

¢ 1<g2< 6 GeV/c?
B(B — Xsu+u_) = (0.667°%+3° . 0.07)x10°

-0.76-0.24

B(B— X e'e )=(1937,7°% +0.18) x10°

-0.45-0.16

B(B — Xs€+€_) = (1.607°%°17 L 0.18) x10°®

-0.39-0.13

Consistent with the SM
B(B—X u'u)=(159+0.11) x 10°
B(B—Xe'e )=(164+0.11)x10°
e g2 >14.2 GeV/c?
B(B— X uu)=(0.60723°% +0,00) =10

-0.29-0.04

B(B — Xse+e‘) =(0.56"°%% . 0.00) x10°°

-0.18-0.03

B(B— X ") = (0579%%9% +000)x10°] =

-0.15-0.02

Consistent with the SM at ~1c 40608 1 12 14 16 1.8

. +00 6 My (GeV/c?)
VY B(B = X u'u )=(O.25_o.02)x10 X
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Acp(B—X, £+0~), Results

By

e Over the full g% range,

Acp(B—X, £*/~) = 0.04 +£0.11+0.01

Consistent with 0. as Phys.Rev.Lett. 112, 211802 (2014

expected with the SM.

e A, in each g2 is also
consistent with O

20 25
d? (GeV?4/c?)
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Summary

* Several B— X, y(£/) measurements are reported.
— Most precise semi-inclusive $3(B —X, y) from Belle
— Most precise Aqp(B =X, y) from BaBar
First AAcp(B —X; y) and constraint on Im(Cs,/C;)
— Most precise A (B —=X.,47) from Belle
— First Ag(B—X, £+¢7) from Belle
— First B(B—X, (*¢~) and A,(B—X, /(") from BaBar
* Expect precision measurements in Belle II.

Full hadronic tag for inclusive analysis.
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BELLE

2014/7/17

Mode ID |Final State
Ktn™
K2mt
K+rx"

f Cl u

K + mtr
K2nta—
Ktata®
K2xtx®
f’i:F+?I'+ T
.-FLFE' ?T+ T '|‘ -
KT rr Y
K¢ 0 ?T+ — ¥

Ktatata—n™
K2rtata—n™
K tnta a7 w"

K2rtata—n®

- 0o 0
Ktn 'z
=0 ﬂ 1"
K 5 T

_.Fl._ T ?T” 0

Mode ID

B—>X, v, Semi-inclusive
38 X, states correspond to 70% of total.

Final State
Konta'n"
Ktatn—aox°
Kirta— a7
K*n

K2n

Ktnm—
Konn™

K™ r;r:rr':
Hg'r}:rr['
Kinpreta™
Kinpmto~
Ktpn— ="
Kinpntx®
KTK K~
KTK K2
K"K K 7
KK K3xt
KTKTK "
KTKTK27"

EW and radiative penguin transitions
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<> B-X, (l, semi-inclusive

BELLE

TABLE 1. The 13 hadronic final states used to reconstruct
X.. The 3 final states enclosed in parentheses are not used
for the measurement of App.
B" decays B~ decays
(Ks)

|i ﬁu " ]
(Kinr—=t)
b (Kin~wtal)
gl .fr':'}nj:H"?_,- T W

2014/7/17 EW and radiative penguin transitions
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-7 B—X, /¢~ , Results

forward backward

S % Ne€¢ =139.9 + 18.6
X.ete B Nk = 160.8 + 20.0
IR - - (ombinatorial

HIST Peaking background
X ™

The dominant systematic errors
are o & 3 and peaking bkg.

Events / 2.5 MeV/c?
Events / 2.5 MeV/c*

My, [GeV/c]

1st bin 2nd bin 3rd bin 4th bin
(B — XseTe) / [1[}.5 11.5.']
5eL5 -‘ 1.3, 25.
(B— Xou ™) [10.2,12.5] [14.3, 25.0]
0.34 +=0.24 = 0.02 0.04 £ 0.31 £+ 0.05 028 =0.21 = 0.01 028+0.15=0.01
Arp [t-hen::rj,-’j —0.11 £ 0.03 0.13 = 0.03 0.32 +0.04 0.40 £ 0.04

22 ~ 72 2
q” range [GeV~*/c7]

N& ' 45.6 £ 10.9 30.0+£9.2 250£7.0 39.24+9.6
[ 43.4 +9.2 23.9+104 30.7+£9.9 62.8+10.4
1.289 £+ 0.004 1.139 4+ 0.003 1.063 £ 0.003 1.121 £0.003
2.082 £ 0.010 1.375 £ 0.003 1.033 £ 0.003 1.082 £ 0.003
1.000 1.019 £ 0.003 1.003 £+ 0.000 1.000



04 <
0.6
1.0
14 <
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B>X, (70,

2 40.18 (1.71)

+0.35 (1.96)

5 £0.07 (1.73)

5y £0.05 (1.53)

24 0.04 (1.16)

0. afﬁ;,' 191095 4+ 0.00 (1.02)

m,l_ <06 0. ﬁu+““+”_-‘,:*i{).{m{1.{}0_}

< my, - 0 _

<my <14 1.607 f;;:t{){h(l 18)
~ My <
0.1 < g?

Y 4+0.20 (2.02)
W20 4 0.01 (1.80)
V1S +£0.03 (1.59)
140,03 (1.18)

5 4 0.00 (1.02)

0.74703+09% +0.00 (1.00)
+-' % +0.00 (1.00)

7 40.02 (1.18)

+ n 10 (1.91)

EW and radiative penguin transitions

semi-inclusive

Acp B—X £5F
—0.06 +0.22 £ 0.01
—0.13 £0.18 £ 0.01

nuﬂﬁiﬂm

0.1970-8 £ 0.01

3 +0.00

:HHH}

0.04+£0.11+0.01
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