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-rd INntroduction

*b-s,dy and b-s I'l are FCNC
» Sensitive to new physics:

/-
Y v, 7,
Standard § /s ‘§<£

Model 7 SO i
b -—— - S p ki

W- W~ i
Non-SM W™ — vy, H™

* Observables: BF, Acpr, Ars, ISospin asymmetry...
e Constrain non-SM contributions to Wilson coefficients Ci from OPE

Gr :
He — = VZ C@ )
ff NG 2@: crmCi (1)@
- b - sy determined by C7
- b -s I'I determined by C7, Co, C10
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74 Covered topics

*CP asymmetry in B— X(s+d)yY  NEw
-Inclusive

* Branching fraction B - Xsy NEW
-Sum of exclusives

* Forward- backward asymmetry in B - XsI'I
-Sum of exclusives ¢
&

*Search for B’ -p*An~y

-Exclusive
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rdCP asymmetry in B-X(s+d)Y

Channel Acp(SM)

B— X5y -0.6% , +2.8% ]

B— Xav [—62% +14% |

B— Xoigy 0 oo

<

Xs+d

B

Cancellatlon due to unitarity,
negligible theory error!

T(45) =B

.--J'

@.

XI

Acp =

Using
tag-lepton
charge

\J
Nt — N~

N+ +N—

* Inclusive method: reduce model uncertainty but has high
background.

« High energy photon (1.7 - 2.8 GeV) and lepton (e, u) for tagging
. Mass veto for (1) — vy
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=4Continuum suppression )

* Continuum e*e” - qq (q=u,d,s,c), decay i
“let-like”, BB is “spherical”

« Characterize “event shape’:

— Topological variables (thrust, Fox-Wolfram
moments, ...)

06

| -ISi.gnlall S _
— BB 3
Continuum data_ﬁ

aeV

......

Events / 0.1

héSignaI x 50

- Kinematic variables (missing mass, J -
transverse energy, ...) s

L . Before 2 = 3 4
 Make use of multivariate analysis E, (GeV)
techniques (NN, BDT, etc.)
After
— B— Xy ; _103- L B R L ™
S .4 — BB i sE ; ' 3
= 10 — Continuum data 3 : =
N 3 > 7E =
£ 8 o E
5 o
5 g 3
G of
-1 I-OI.SI - (I) — I0.5I - 1 12 - i - : _E
BDT output i ' :

E, (GeV)
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x10°

Normalization of background

4.5k

w
E-Y

Gl a 6T N ;1w u;

Entries / 0.10 GeV
- N

o

— Signal 21.2%

- =Y 7.9%
Other BB 9.0%

(=)

1.5 2 *

0
R 49.5% AsymmetriC dECayS,
not rejected by veto

=— Continuum 12.4%— Off-resonance data

 Remove veto, fit to reconstructed n/n mass, compare data and MC.

e Correct MC In momentum bins: ¢; =

- Non_Noff
Nwmc

Decay

Average normalization factors

Factor

ol L
o4 N AR nes N &R NnA

m, (GeVv/ cz)

c N 1
N&S 0.4 0.45 0.5 0.55 0.6 0.65

my (GeV/cz)

B— X70 | 1.079 +£0.005
B— Xn | 0.786 +0.041
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Wrong tag and sources of asymmetry

» WWrong tag factors
O B

Xs+d

W = Wosc T Wand + WmisID
0.1413 £0.0052

« Asymmetry in lepton ID, study |n
B-XJ/¥(I'l"), tag-and-probe

5:t _ Npass
Npiss + Nfall
Adet — €+ _T_g— Adet B (010 = 022)% 26 28 3 oz a4 T T R TR
. ra P e ey
Mee (GeV/cZ) Mee (GeV/cz)
« Asymmetry in BB bkg: measured in BT gl Signal
data (Ey< 1.7 GeV) . VE im —BB -
Nt - N~ Sk b EContlnuum data_
 These asymmetries are bias!, must N "’
correct them o e —

4
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Subtracted B—-X(s+d)y photon spectrum

e Spectrum after subtraction of background:

x10°
=y =
. 5 i . —~Positive
> 08 : «F -=- Negative
O o6 + : _
s [. ¢
Soa o r
:’j 2 % L E
oF ttﬁﬁ_#ﬁ Ea
Ozplellgprellimlingry [ e
ha 2 * 3 4
E, (GeV)

e Measure as function of Ey

threshold

* Main systematic from BB bkg

asymmetry.

e Statistical uncertainty dominates
 Stable for different thresholds

Asymmetry:

Nt — N~

meas ___

CP _N++N_

IS corrected for wrong tags and bias

Acp X 102
N
|

T | T T T I
Be!!e pre_l_iminary:

2 2.2

Energy threshold (GeV)
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Result for Acp in B=X(s+d)Y

* Most precise measurement of Acp
» Consistent with SM and other experiments

. Belle preliminary
This measurement,

E ,>2.1 GeV TP Belle (772M BE)

I ® 1 BABAR (383M BB)
PRD 86, 112008

I P | CLEO (10M BB)
PRL 86, 5661

-0.2 -0.1 0 0.1 " 0.2
Acp(B— x5+d”z’) x 10
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Branching fraction B-Xsy

NEW

» Sum of exclusives: 38 Xs states (~70%
of total).

1or3 K (uptolKs),
up to 4 mt (up to 2 no),
uptoln

* Photon energy Ey>1.8 GeV

 Determine selection efficiency of each @ >4

CU 2.2
channel for BF! =
* Selection: Do

- Neural network for continuum suppression o
- Mass veto for D mesons (peaking bkg x

Co I

KS7T+, K+7TO, KS7T+7T+7T_,KS77, K+777T_,

B - D) (Knr)p) ot DACKGNO ol

[

0.6 0.8 1 1.2 1.

III|III
1.6 1

8 2 222

Reco. D mass

III|III
26 28

1700

1300

| —600
-[=1500

|~400

200

00

0
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B—-Xs ¥ (sum of excluswes). procedure

e Fit to Mpc In 19 Mxs bins 1.9< Mx_ <2.0 GeV

ﬂr’ﬂ'}c — \/Ebcam LTTB‘Q

— Signal

-- Cross feed

— Peaking BG
- Non-peaking BB
- Continuum

400

350

300

Events / ( 1 MeV/c?)

250

200

|IIII|IIII1_'IIII|IIII|III

150

TTTT

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

100

50

53

e

i BIRRRRERN
I

[ "

tn H

LN

[§*]

9\

» Calibration Xs hadronization: MD (GeV/cZ)
- Signal efficiency depends on
model. Source Systematic uncertamty (%)
- Pythia parameters + data , fﬁtﬂ'm”“‘i“f‘% 13;
. . . etector response 2.9¢
driven calibration. Background rejection 338
- Missing modes uncertainty: M PDE ( g )
use different parameters for “ih“lfl;“;]lljf“ \1()’3/
hadronization. T 93
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B-Xs ¥y (sum of exclusives), results

 Measured BF, 710 fb™* (E',>1.8 GeV and Mxs<2.8 GeV/c?)
BR(B — X.7) = (351+0.17£0.33) x 10~*

- Extrapolation to E,>1.6 GeV
BR(B = X,v) = (3.74+£0.18 £0.35) x 107*

SM prediction
3151023

- BeIIe prellmlnary o |
© 30— CLEO[9.11b] i ® ; 3.281+0.53
! - Inclusive
S 25 Babar{429fb"] - & - 35240.55
B Semi-inclusive
% [ —I—p}%‘% Babar{347.1fb"'] . & - 3324035
20 Inclusive,lep-tag
WL - Babar[210f"]| ° 3.90X1.11
m 15— + Inclusive, Breco-tag
_— Belle[5.8fb"]| ° 3.6920.95
m 10 Semi-inclusive
s Belle[ 605fb"] | ,
T r _ Fall inclusive B 3500.44
5 ' T HFAG2012 _
E C "I‘:{_' (Average) —— 3553026
L =t PDG2013 :
ﬂi (Average) 9 340x0.21
'5__||||||||||||||||||||||||||||||||||||||||||||| Our result : & : 3.747(.39
0608 1 121416 18 2 22 24 26 2.8 | | I |
| I I N IS N N B | I I | | I I | L1 1 1 1 1

Mxs (GeVic?) 7 " BEx10®
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Forward-backward asymmetry (Afg) in B-Xs I'T

7t ~ 5
4 £ Forward event Backward event
A i iy JHL
g i ) A) ( - 5%‘

A ~ N(cos9>0)—N(cos 6<0)
FB 7 N(cos>0)+N(cos6<0)

* Arg in B - K 'l measured (LHCb, Belle, BaBar). Agree with SM.
* First “sum of exclusives” measurement, has lower theory error!
* 10 exclusive modes used, 50% of total rate

-KIKs +up to4n + e*e or u'

NN for suppression of continuum and BB.
* Veto charmonium: J/¥ and W(2S)

» Measure ArB as function of q2—>(q2 = M,gzg)
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Argin B-Xs I'T, signal extraction

« Extract signal: unbinned maximum likelihood fit to Mbc
* For e and p, an each g bin

I + - [ + - ;

Y sl XS K U forwardJ[ v sl XS # 4 backward Signal + cross

S | S | feed

= ol + < sof Peaking BG

0 D Combinatorial

~ 40 .|. " — 40

§ ol \ § 2o Examgole for u mz

wep 5N w . 4.3<q <8.1 [GeV]
50.22 5.24 5.26 5.28 5.30 50.22 5.24 5.26 5.28 5.30

M, . [GeV/c] M, [GeV/c’]

» Low efficiency at low g? and |cos8|~1, shifts value of Ars.

raw

Correction o estimated with MC App = o - Apg
 Dominant systematics: o correction, estimation of peaking BG
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Arg in B-Xs I'T, results

arXiv:1402.7134

1.0 y/
: /

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

B SM prediction

JIY, ¥(2S) veto (e'e)

77 I, ¥(2S) veto (u'y)

stat.  syst.

05F | " o |
2
< 0.0
-0.5 |
I bin 1
I bin 2
1.0
bin 3
bin 4

0.34 £ 0.24 £ 0.02
0.04 £0.31 £0.05
0.28 £0.21 £0.01
0.28 £0.15 = 0.01

e Consistent with SM, statistical uncertainty dominates

* First bin consistent with SM within 1.8c

. N 2
* In OPE, AFB can be written as: Arp o< —C1o - Re (207 + Q—ZCQ)

* In high g7 region, exclude C10*Cy>0 with 2.3c

my,

’ 30/04/2014 Electroweak and penguin decays at Belle — Luis Pesantez
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* Exclusive measurement of b— sy
« Observed hierarchy in baryonic B decays: 4 Body > 3 Body > 2 Body

-b-s B(BY — pAnTn™) > B(BO — pAr~) > B(BT — pA)
-b-c BB = pA.atr) > B(BT = pA.n) > B(BY — pA,)

* Measured b—sy. B(BT — pAy) =

40

Events/ (2 IVIeV/cZ)

20

524 525 526 527 528 529

M, (GeV/c?)

Ngig = 9.5752(stat) — B(B — ptAr ) < 6.5 x 1077

O Bl :3;3.3: b “
-04 -0.3 -0.2 01 0.1 0.2 03

0.38

AE (GeV)

« Expected hierarchy is not observed

(2.4510-35 +£0.22) x 10~° | PRD.76.052004

~+++: Data = : Fit result
= : Signal + Self-crossfeed
: Continuum

‘wimim d B+%pf\n0 + B+%p;\'\{

2D fit in Mbc and AE:

ﬂxfl‘:-f: = \/E!'?cam - |!TB‘2
AE = EB — Ehrfn,m

PRD 89, 051103(R) , 2014
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16



D
B

BELLE

Summary

* CP asymmetry in B - X(s+d)y ~ NEW
- Most precise result

—Measured as a function of Ey
- Consistent with SM, for Ey>2.1 GeV Acp = (2.2 +4.0 £ 0.8) x 107

Branching fraction B - Xsy , sum of exclusives NEW
- Consistent with SM BR(B — X,v) = (3.744+0.184+0.35) x 10~*

* Forward- backward asymmetry in B - Xs/I'I
- First measurement!

-High g° region excludes C10*Co > 0 with 2.3c

» Search for B’ - p*An~y
—~Upper limit at 90% CL B(B — ptAn ) < 6.5 x 10~
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y-rd Belle @ KEKB-B factory

 Asymmetric e+e- collider

SC solenoid

! LI | 1.5T

Y(4S)
T T T 1T
6.0 | (a) -
55 “ n
50 } Tf%‘ Q*** ## -
45| ?? 4
b IIO.S l ;0.7' t ;0.9 1 Ill. ] —]

Sivertex

CENTER OF MASS ENERGY (GeV)

On resonance:
Off resonance:

Vs =10.58GeV ete” — YT(4S) — BB
Vs =10.52GeV  ete” — qq(q = u,d,s,c)

Aerogel Cherenkov

n=1.016""1.030
3.5 GeV e*

Central Drift
Chamber

M/ K_detection

710fb—1
90fb—1

] 30/04/2014
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a4 Wrong tag factor

(v) = 7D

Xsid= B X' E 0sC

meas — (] — Q) Atrue Wrong tag factors
cpP W = Wose + Wand + WmistD

Wose = (0.0913 & 0.0015)
wimistp = (0.0069 £ 0.0034) | Mainly 2K faking

wana = (0.0431 + 0.0036) "'"é"é'r"ﬁi’|’éb’f"d’r’i'.’é"aéé'ayé"af'"c"ﬁaﬁﬁ .............

--------------------------------------------------------------------------------------------
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Reconstructed B-Xsy modes

Mode ID  Final state

Mode IDD  Final state

Mode ID  Final state

[uiy

[

Katata a0

Kagmtm

| K m~ Katata ! Ktnpn—xY

2 Ko™ K+q0qx0 K nmtal

3 K+xb K mO70 KKK

4 K. 7" K+n— qalql KKK,

B Ktata— K atniqgV KK.K,

6 K.atm Ktata alx0 K KtK 7
7 Ktoata? Kootan ntr KTK K.nt
8 K.ata? K'n KtKtK 7"
0 KaTa 7w K

10 Ko nta K nm~

11 K atn® Km™

12 K ata® K"

13 Kiatata w Knr®

14 Ko na w Kinntn~

30/04/2014
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Partial B—»Xsy BF

Table 9.12: The partial branching ratio on M x,

My, bin(GeV/c?) | BR(107%)
0.6-0.7 -0.14+0.140.0
0.7-0.8 0.34+0.14+0.1
0.8-0.9 19.8+0.5+0.9
0.9-1.0 15.7+0.5+0.7
1.0-1.1 2.940.34+0.2
1.1-1.2 4.8+0.5£1.5
1.2-1.3 18.7+0.8+1.1
1.3-1.4 21.84+1.0+1.3
1.4-1.5 21.24+1.0+1.4
1.5-1.6 22.0+1.4+1.3
1.6-1.7 22.441.1£1.5
1.7-1.8 248414417
1.8-1.9 26.7+2.2+1.9
1.9-2.0 26.34+2.942.3
2.0-2.1 23.34+3.1+4.5
2.1-2.2 21.04+2.6+4.9
2224 40.3+7.24+11
2426 27.9+8.6+11
2.6-2.8 11.5+11+13

PBF/(0.1 GeVic?) 107

30

25

20

15

10

]

(=11

Mo

A

oL

P_

-

—

—

e Y N L
-l
—
oL
M —

Partial branching ratio.The first
solid error 1s the statistical one

and the second dashed error i1s a

quadratic sum of the statistical and
systemartic errors.
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B

Reconstruction efficiency B-Xs I' I

1st g2 bin

2nd g? bin
Brdq?bin)
4th ¢? bin

(5th g? bin)

6th ¢ bin

cos0,

0 5 10 15 20 25
q? [GeV 4]

B-Xs pu'p’

30/04/2014 Electroweak and penguin decays at Belle — Luis Pesantez
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= peaking background in B-Xs I'I

1. charmonium 2. Double miss-PID 3. Swapped mlss PID

@@@{}% w ®®%%Miss-PlD ®%%M.;; PID

Escape veto selection

30/04/2014 Electroweak and penguin decays at Belle — Luis Pesantez 24
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Systematic uncertainties ArB

Sources of uncertainties 1st 2nd 3rd 4th
Translation from Agg to Arp |0.019 0.013 0.007 0.003
Peaking background 0.004 0.050 0.007 0.002
Signal modeling 0.004 0.002 0.006 0.006

Signal shape and self cross-feed |0.002 0.002 0.002 0.002
Total 0.020 0.052 0.012 0.007

30/04/2014 Electroweak and penguin decays at Belle — Luis Pesantez
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Systematic uncertainties B’-»p Az y

TABLE I. Summary of the systematic uncertainties (in %) on

the branching fraction.

Ngg 1.4
Tracking 1.4 (4 tracks)
Hadron i1dentification (0.6 (2 protons)
1.1 (pion)
A selection 3.3
Photon selection 2.2
Reconstruction efficiency (MC statistics) 22
B(A — pn™) 0.8
R selection 1.9
PDF shape 4.1
Signal decay model J.1
Rare B decays 3.2
Total 11.8
30/04/2014 Electroweak and penguin decays at Belle — Luis Pesantez 26
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