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D—s Electroweak Decay

b—s: Flavor Changing Neutral Current (FCNC).
Not possible at tree level.

Penguin diagrams:
Sensitive to new particles entering the loops.

b N S

Beyond the SM contributions can be large
Sensitive to NP on the TeV scale

Observable via: Decay Rate
Kinematical Distributions (As)
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> 1 ab™
On resonance:
Y(5S): 121 b
Y(4S): 711 b
Y(3S): 3fb!
Y(2S): 25 b
Y(1S): 6 fb!
Off reson./scan:

~100 fb!

~ 550 fb™*
On resonance:
Y (4S): 433 b
Y (3S): 30 fb*
Y(2S): 14 b
Off resonance:
~ 54 fb™!

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

Results use World's Largest Y(4s) Data Set
(72 Million BB pairs

~100 fb™' off resonance can used for background
estimate (see B Xg1q V)

Currently being upgraded, SuperKEKB to collect
~50 times the current data set.
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Belle Detector

Exp 3 Run 52 Farm 2 Event 10267
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3— Xy with Sum of Exclusive

@ =y > 1.8 GeV (CM)
o

- Inclusive has less theoretical uncertainty
from hadronization. N

Belle full inclusive: PRL 103, 241801 (2009) @ torsk

up to 4 1t (up to 2 V)

BF(B— X,y) = (3.45 £ 0.15 = 0.40) X 104 upto 1n

* U Se Su m Of EXCI US“’e Table 4.1: Reconstructed X, final states
Mode ID Final state Mode ID Final state Mode ID Final state
: : 1 Ktr~ 16 Katnta—n° 31 Ktnpm—m"
Different systematics , o S 1 Ko
B EE AR
4 K. 19 Ktra0x0 34 KKK,
| O 5 Ktnto- 20 K ntn0r0 35 KKK,
- 38 exclusive X, states (~70% of total) o Kiw 20 Kertatn %5 KKK,
7 K+t 22 Katn alnl 37 KtK Kot
8 [--’g/ + -0 23 K+r 38 K+K+K- 0
. . . . 9 Iz"’:r?r +7T7r_ T 24 Iz's -r/” e
- Signal yields are extracted in bins of Mxs 0 Katntne | %5 Ko
) 11 Knatal 26 Knrt
b O 6_2 8 G 12 Kntr! 27 K*nm!
etween - - e\//C 13 Ktntantn—n~ 28 Konm
14 Katntan—n™ 29 Ktnpata™
15 Katntn—n 30 Knrtma~
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3— Xy : Background Suppression

Continuum: e+e-—qq (q=u,d,s,c) Peaking background from D decays is
suppressed with a D veto

- Suppressed with Neural Network
- Topological and Kinematic variables
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(a) Signal (b) BB background
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3—XsV 1 Signhal Extraction

Branching fraction Is extracted by Mae
. - o 2 — 2
fit in 19 Mxs bins M. = \/Ebeam — |pB|
0.6 < Mxs< 2.8 GeV/c?
% 350 Belle Preliminary
%30();
= 250¢ Continuum
= 200¢ ms Peaking BB
~1500 E X1 | ZiooE e, oo X e Non-peaking BB
;E) 100} =n Signal
2 50 L g TEeEa R e Cross feed
0285357526 327 528 520 33 TR 3
M, (GeV/c?) M, (GeV/c?)
()0.8< Mx_ <0.9(GeV/c?) (k)1.6 < Mx_ <1.7(GeV/c?)
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3= X5y Results

+ Systematics

" 2 * . . .
With Mx; < 2.8 GeV/c* (E’y > 1.9 GeV ) - Calibrate X, hadronization
B(B - X;y) =(3.514+0.17+0.33) x 10~ - Signal efficiency depends on model
Selle Preliminary . Pythia parameters are tuned by
305 Belle Preliminary comparing data with MC
= K* .H_ .
ng;_ l ++++ + : - Missing modes uncertainty
20 o ++ ' ++ - Estimated using different Pythia
O - I - -
250+ o | narameters
O - : : L .
, 1ok Source Systematic uncertainty (%)
g - : BB counting 1.37
E 5F 3 Detector response 2.98
B e Background rejection 3.38
0 o M,, PDF 5.06
5 § - Hadronization model 6.66
) _IHHl«llllllllllllllllHIHIIHIHI Missinmode 159
0608 1 121416182 22242628 2 -
]\4){S (G@V/Cz) Total 9.3
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3— Xsy : Comparison to SM

Extrapolated BF to E*y > 1.6 GeV to compare with the SM prediction
B(B — Xyv) = (3.74+£0.18 £0.35) x 107* (EZ > 1.6 GeV)

Belle Preliminary

SM prediction
15%+0.2 " "
3.1320.23 PPy Interpreting in the 2HDM we can
CLEO[Y 11b'] o 32820.53 constrain the mass in the My./tan plane
Sabar[ 429fb - - - 3.5240.55
emi-inclusive -
Babar[347.1fb""] . o 332+035 -
Inclusive,lep-tag -
Babar[210fb"j ) ’ 3.90i 1.‘1 | -
Inclusive, Breco-tag _
Belle[5.8fb"'] _ ® 3‘.6910.95 -
Semi-inclusive -
Belle[605tb'] _ _ : -
Full-inclusive ‘ i ' 3.50£0.44 Consistent -
HFAG2012 - . -
(A\rerage) — . ' 333 i026 Wlth t f']e S M -
PDG2013 , ,
(Average) —— 3.40%0.21 p f'ed Ctlon -
Our result - o . 3.74%0.39 Wth'ﬂ —I 30 _
PR S T SR SN Y W AN WO TN SN SN NN T SO N S S NN NN S BN PRI_ 98, 022002 (2007)
2.5 3 3.5 4 4.5 5
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Acp(B—Xs1qV)

_ I(B=Xstqy)-T(B=X 1 77)

Arp = —=
CP = T(B=Xoan)+T(B= X, 1)
- Cancelation due to unitarity
- Small theory uncertainty

Acp expected to be ~0

Channel BF Acp
B — Xy  (3.61+£041)x107* -0.6% — 2.8%
B — X v (1.38 +0.25) x 107°  -62% — 14%
B — Xs-l—d“/ ~ ()

Benzke et.al PRL 106, 141801 (2011)
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Inclusive Analysis

- Only reconstruct photon (signal) and
lepton (tag)

1.7<Ey<28GeV (CM)
1.1 <pi<2.25GeV/c (CM)

@ B ¢=7T(4S)= B @

Xs+d X'
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Acr(B—XsiqY) : Backgrouna

Background Suppression

Mass veto for °(n) —=vyy { Topology/Kinematics

BDT used for continuum suppression solation for v

Background Calibration
n’(n) bkg calibrated from MC in p bins

«10°

— Signal - Factor estimated in B—Xn%n in data
>
3 — 705 and MC
-
3 2.0 <p, < 2.1GeV/c
= _— 7 =YY I p" S / ,,,,,,,,,,,,
Other BB S 4BBNC J "
- — Continuum G ook ] oA T
1.5 2 2.5 3 (from off-resonance data) 5 2
E* (GeV) o -
Y T | TR T z;a“‘b.;s‘“ 05 085 os 0.6!
my, (GeV/cz) my (GeV/c )
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raw _ NT—N~—
CP ~— Nt4+N-
The raw Acp Is taken straight
from the tag lepton

1. Correct for Bias:
- Asymmetry from detector:

- Lepton ID: Aget = (0.11 £

- Tracking: Aget = (-0.07

- Asymmetry from BB bkg:
+ Abkg = (-0.14+0.78)%

o O

Acpr(B—Xs:1qV): Corrections

2. Correct for Wrong Tag (Dilution):
-+ BB Mixing
- |leptons from D decay
- K/Ttmiss ID as lepton

Source

0.0913+0.0015
0.0431+0.0036
0.0069+0.0034

0.1413+0.0052

Atrue = —— 2w (Ara’w i Adet 4 Abkg)
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Acr(B—Xs1aY) : Results

After all corrections:

Spectrum after Background
P i J Acp(B— Xgray) = (2.23 £4.02+0.78)%
suptraction Belle Preliminary
%x10° _ ey —
= _.'_Positive ~ £, <21GeV  Belle Preliminary
| E - Negative _f o P Belle (772M BE)
£ oo  Belle Preliminary SABAR (3530 55
~ § ' ' ® . PRD 86, 112008
® 0.4f -
E | _ " ° " CLEQ (1oM EB)
- ++T .................... L
- ;ﬁ_j—i_ = - 0.2 0.1 0 0.1 0.2
02.:_ | o | S Acp(B— X, ,qY)
' 2 * 3 4 . .
E, (GeV) - Consistent with the SM

+ Most precise measurement of Acp

Statistically limited
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INnclusive B— X

A __ N(cosf > 0)—N(cosf < 0)
I'B = N(cosO > 0)+N(cosf < 0)

nclusive has less theoretical uncertainty

than B—K® [*- (which LHCb sees several
discrepancies from SM)

Sum of exclusive method, with 36 modes

of which 20 are used for A

The fraction of all Xs decays covered by Sensitive to Wilson Coefﬁments
| O
20 final states is ~50 % A o —Re [(207 qzc ) cx.
mb )
B" decays B~ decays |

e Egg)o) ? 0 B - Neural network 1s employed for

w Sﬂ. (Y Sﬂ._ ~ :
=m0 (Kom-7+) e KO0 backgrounds suppression
K~ 7r+7r ’/T+ (K§7r“7r+7r°) K ntn—n° KO’/T Tt " Sem|_‘ept0n|c Bdecays
(K~ 7™ +7r°)(Kg7r‘1r+7r“7r+](K‘7r+7r‘7r+7r“)(K%ﬂ‘ﬂ*ﬂ‘ﬁo)

Continuum (u,d,s,c)
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Inclusive

53— Xs

- Signal extraction: Divide Into

g4 bins and fit My for forward/

backward events in e/|
channels.

- After we correct for efficiency,
we then apply a linear scale
factor determined from MC to
obtain the final Arg
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- Signal Extraction

T E ©ici'c -
: ‘S O 8.5 0: S
L T T e . E1T. XS,U,U
: 4 -O:'O:_C:_C: c
| (Vs (- I S | fud | od ) e
. N S0 \O
1.0 = +

15



Inclusive B—Xdll: Signal Fits

Events / 2.5 MeV/c?

Events / 2.5 MeV/c?

Unbinned Maximum Likelthood Fits

All Bins
L B— X.eTe™ - oL B— X.eTe™
OF  Forwarc g 0 Backward
< Belle Preliminary
40 . = 40
K N
" ~
20} + +Jr N %20 + + /.
Belle Preliminary; i } R
RRPURPRURUN NUSTRPG [RppRer S R . . s
522 524 526 528 530 522 524 526 528 530
M, . [GeV/C'] M, . [GeV/C']
B— Xou™p™ B Xt um
v, a0k st M
80F Forward Wl 3 %OT Backward
W .
60 S 60 -
i " Belle Preliminary
a0f J 40
~ 4.
A =
20T Belle Preliminary ! % b
|

0 . ’ P .
522 524 526 528 530 522 524 526 528 530
M, [GeV/c] M, [GeV/c']
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- Total Signal Yields
Nsigee — 140 T _|9 (Stat)
Nsight = 161 + 20 (stat)

Dominate Systematics
Linear scale correction
Peaking background

J/Q leakage
Double miss ID from

S D*TT
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Inclusive B— Xqll: Result

10 . Arg consistent with SM
"~ LBRelle Preliminar 7 % - - -
;B e // /// * First inclusive measurement of Arg

Bin 1: Consistent with SM at 1.80
Bin 3/4; Exclude Ars < 0 with 2.30

0.5 -

//%// B SM prediction
%/ —* Data
.

) I B IR B
104 5 10 15 20 arXiv:1402.7134: SUMBITTED TO PRL

J. Yamaoka DISCRETE 2.12.2014 17



Prospects for the future

+ Belle Il will be an even more powerful tool to

explore EWP and radiative decays
Belle2 TDR (arXiv:1011.0352v1l)

Observable Belle 2006 Belle 11 /SuperKEKB LHCDbT
(~0.5 ab™1) (5 ab™1) (50 ab— 1Y) (2 fb~1) (10 fb~1)
Radiative/electroweak b — s transitions
Skor0, 0.32 0.10 0.03 : :
B(B — X,7) 13% 7% 6% - -
Acp(B — X47) 0.058 0.01 0.005 - -
(g from Arp (B — K*€+€_) - 11% 4%
(1o from Arp (B — K*€+€_) - 13% 4%
07/09 from Arp (B — K*E‘l'f_) - 5% 7%
Rg 0.07 0.02 0.043
B(BT — Ktvv) T < 3 Bgum 307 - -
B(BY — K*Oup) T < 40 B 35% - -
Radiative/electroweak b — d transitions
S, : 0.3 0.15
B(B — X47) - 24% (syst.) - -

-
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Conclusions

The FCNC B decays are a rich topic than can be used to explore beyond the Standard Model

Br(B— Xsy) Sum of Exclusives (Radiative decay. b—=sy)
_ 1 e —4 *
B(B — Xyv) = (3.74£0.18 £0.35) x 107* (E* > 1.6 GeV)
Most precise result with sum of exclusives

Acp(B— Xs+dY) Inclusive (Radiative decay. b—=s+dy)
ACP(B — X3+d’y) — (2.23 + 4.02 + 0.78)% (E§ < 2.1 G@V)

Most precise result

B—Xs I'l- Sum of Exclusive (Penguin decay. b—s 1)
First analysis of its kind
Low g2 : Consistent with SM at 1.80

High g2 : Exclude Ars < 0 with 2.30

J. Yamaoka DISCRETE 2.12.2014
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X: Back Up ¥




3— Xy with Sum of Exclusive

Table 4.1: Reconstructed X, final states

Mode ID Final state

Mode ID Final state

Mode ID Final state

p—

OO0 -] & O = W N

9
10
11
12
13
14
15

Ktr™

K.nat

K a"
Ktata™
Ko m™
Ktgatql

K atnY
Ktntn—n~
Kiatnta~

K atn

K ata!
Ktntantn—n~
Katntn—n™
Katntn o

16
17
18
19
20)
21
22
23
24
25
26
27
28
29
30

Katntn—a
Jt 0.0

K 7"

Ktn n%xnY

K 070

Ktatn 7%

K atnm a%xn
K*n

K

Ktnm~
Kt
K*tnmY
Knm"
Ktnmntn™
Knmta™

31
32
33
34
35
36
37
38

K*tnm—n!
Knrta!
KKK
KKK,

KK K,
K"K"K 7
KtK Kot
KTKtK -«
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3— Xy with Sum of Exclusive

e DY without 7°/n : 1835< Mpo <1895 MeV/c?
e Dt without 7¥/n : 1840< Mp+ <1900 MeV /c?
e D' with  7°/n: 1800< Mpo <1905 MeV /c?

e D" with #”/n: 1805< Mp+ <1910 MeV/c?
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