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Belle II Detector @ SuperKEKB

SuperKEKB

KL and muon detector:

EM Calorimeter:
Csl(Tl), waveform sampling (ba
Pure Csl + waveform samplin

\ . e tr‘gcle Identification
I . ! o -of-Propagation counter (barrel)
electron (7GeV) — / e . focusing Aerogel RICH (fwd)
Beryllium beam pipe 7 s - ‘\‘l
7)) &SR S =
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2cm diameter 7
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Vertex Detector =
2 layers DEPFET + 4 | SD
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S positron (4GeV)
Central Drift Cha;ber
He(50%):C>He(50%), Small cells, 1o 70¢
lever arm, fast electronics o C : :
: o0F- ' * KEKB
4 : Goal of Belle 11/Super

* full solid angle detector; clean event
environment; well defined initial state.

.

(ab™)

Integrated luminosity
w
o

* Improved detector efficiency and purity

(tracking, PID, K/TT separation, ...). of
x103% gF
* Good and efficient reconstruction of g_ o 3B o
decays with neutrals. €2 *lpeak = 8x 1077 cm™s™" (40 x KEKB)
£8 of ‘ ‘ —
* Smarter software and precise algorithms. ¥ oo |
Calendar Year

Covered by Hiroshi Kaji (SuperKEKB) and Katsuro Nakamura (Belle II)

on Monday (Dec. 5 2016)
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Outline

« Radiative and Electroweak Penguin B Decays

« Branching Fraction of B — X; y

» Direct CP Asymmetry in B — X1q) Y

» Time Dependent CP Violation in B — K0y
* Electroweak penguin b — s I+ I

» Missing Energy Decay B > K®v v



Radiative and Electroweak (EW) Penguin B Decays

* Flavour-Changing Neutral Currents (FCNC): occur only at the loop level.

Y _
b _VI_/_ S b t S
W ; l+ W\ \W"F l+
" ~_ i

Vib t Vi A

* Non-SM particles (eg. H in Two-Higgs-Doublet Model type || (2HDM-II))
may contribute to loop and box diagrams.

d d
) 8o 4 K
e b o.oeet
H H
Vi
/) ’ LS‘ ‘7“‘»_. ;—;"Q;E‘;l
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Radiative and Electroweak (EW) Penguin B Decays

 Efective Hamiltonian for b — s transition (leading contribution):

H, = 4GF Zco

e C; are Wilson coefficients, and O; are the corresponding effective operators
i =1,2 Tree

b
e =3-6,8 Gluon penguin >
Or~
°;1=7 Photon penguin ~
b
;=910 Electroweak penguin \%S
ei=S P (Pseudo)scalar penguin Osg 9
» Decays sensitive to different Wilson coefficients: b xg
*B—> X,y Cy Ooe.10¢ ’
*B— X[t [ C7, Co, Cio




Branching Fraction (BF) of B—>X;y

e Current SM next-to-next-to- Br(B— X Y)

leading order (NNLO) BF ->

NNLO  —(336+0.23)x10™

E,>1.6GeV

[PRL 114, 221801, 20195]

« HFAG 2016 / PDG 2015 -
A
verage

BF(B — Xsy)Ey>1.6GeV

=(3.34£0.21,,,+0.07 )x10™

stat —

* Experiment and theory are in agreement

> tight constraints on NP scenarios e.g.
2HDM-II.

* The newest Belle result with fully inclusive

method has only 7.3% uncertainty.
* Limit on 2HDM-II:

M(H*) > 580 GeV at 95% CL

[arXiv:1608.02344v1]

HINT2016

Becher et al 2007  Misiak et al 2015
298+ 0.26 3.36+0.23

Semi-incl.

Semi-incl.
M, < 2.

Full-incl.
E,>17

Full-incl.
E

, > 1.8

Full-incl.
T

Full-incl.

Belle 2015 711fb" 3.75+0.18+ 0.35
My, < 2.8 GeV .

Babar 2012 429" . . 1352+ 020+ 0.51
. < 2.8 GeV ' '

Belle 2009 605" 3.47 +0.15 % 0.40
GeV

Babar 2012 347fb" 3.32+0.16+ 0.31
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CLEO 2001 9.1fb™ . 3.29+044+0.29
E, > 2.0 GeV o -

Bl OS2I ML ST
E, > 1.9 GeV

PDG 2015 3.49+0.19
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BF(B—X;y) at Belle I1

* Belle Il mission: reduce the systematic uncertainty with huge data.
« Can also measure the BF with E, >1.6 GeV without extrapolation.

30 Al T T T TTT7T 1 |||||||| 1 T T TTT]

Belle Il PrOSpects

* 3.9 % total error will be reachable with

50 ab™' (conservatively estimated). 20\ »»»»»»»»

'—— Inclusive + Iepton tag
P —— Sum-of-Exclusive ;| : : ;
; [ — b SR ' Incluswe + Hadromc iag

» comparable to uncertainty due to
non-perturbative effect, very hard to

reduce, in theory [PRL 114, 221801 (2015)] 10— ....... ..... ...... ......... .....
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Direct CP Asymmetry in B—>X(s+q) Y

* The SM predicts quite different Acp for B—X;y and B—Xuy

_ Nucl.Phys.B704:56-74,2005 ‘ ,,,,, B
A (B—s X.y)= (404472 )5 102 MO ]

Ap(B— X,y)=(-102772)x107

« Thanks to U-spin relations and unitarity of the CKM matrix, Ace for b—(s+d)y is negligible
(close to 0).

HINT2016




Belle I

Direct CP Asymmetry in B—X(.q Y and AAcp(B—Xy)

» The SM predicts quite different Acp for B—X,y and B—Xuy FB-Xy)-TB->X7) 1

Ag;ﬂnf = 5
I'(B— X,7)+T(B—> X 7) l
- — — — q -

_ Nucl.Phys.B704:56-74,2005 ‘, B
A (B—s X.y)= (404472 )5 102 MO ]

Ap(B— X,y)=(-102772)x107

« Thanks to U-spin relations and unitarity of the CKM matrix, Ace for b—(s+d)y is negligible
(close to 0).

» One more quantity, AAcp = Acp(B) - Ace(B°/ B%) contains information on Cs
[Phys.Rev.Lett. 106 (2011) 141801]

A
AA., = 4ma, ilm(gj
m, 7

* In the SM, phases in C; and Cs are zero = AAcp =0

If AAcp(B—X; y) deviates from O, it will be a clear NP signal.

HINT2016 11




«10° [PRL 114, 151601 (2015)]
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Babar 2012 347fb™ 57+6.0+1.8
Lep. tag —l—
E, >2.1GeV
CLEO 2001 9.1fb™ -7.9+108+£22
Lep. and self tag |
Er>2,2 GeV
Babar 2008 210fb™ -10+18+5
Had. tag s
E, >22GeV
PDG 2015 1.0£5.0
WA —Y—
Belle 2015 711fb™ 22+40+0.8
Lep. tag —E—
E, >21GeV
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-40 -30 -10 0 10 20 30
(o)
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Direct CP Asymmetry in B—X.q) Y

* Recently Belle performed world best

measurement (710 fb-! Y(4S)).

| Ap(B—> X, V)=(22£3910.9)%

|

* Inclusively reconstruct photon with
1.7<E,<2.8GeV.

« High momentum lepton to tag flavor
of the other B.
1.10 = p/*<2.25 GeV

HINT2016
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AAcp(B—X;7)

[PRD 90, 092001 (2014)] _,
1600 1 B )
4—4 Total
14004, o
ﬁi 1200H > Continuum
1000, (Al’(')g;;_g;_fpe(l

— P A « Only measured by BABAR (429 fb-"

800} ; i LI p—
B e SIS DR \f(ZIES)).
00| « Sum-of-exclusive method with 38
551 5.25 5%’([5\‘(68\//‘?.)'27 5.28 5.29 exclusive B decay modes.

« Only self-tagged modes were

used.

%BA BAR.

nd B

Events/1 MeV,

1600 , : :

1400} , § T ]

T 1200f o] S e v“v ] AAX —_ _I_(5 .0 i 3 .9 i 1 .5)%
0] 1] o) SRRSO APPSR S SR | v..n'.. ,,,,, I s7

800} : ; o 0l le

) TR O SR JUUE NP N . .
P07 S SR s et oot » Quoted systematic error is conservative.

x

200k el .. o Y,

Events/1 MeV,

0 : :
5.24 5.25 5.26 5.27 5.28 5.2¢
ul;,_x'(GeV/r"' )

| 2

mbc(mES) = \/Eéeam _|13B
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D

[ 2 ACP(B —> X (s+d) ]/) and AACP(B —Xs j/) at Belle I1

Belle I

* In both Ace and AAcp measurements most of systematic error cancel out.
— both are still statistically dominated at Belle II with 50 ab-".

9 TN T T T
LR R L L R R R y BeIIeIIPrOSpeCtS
Babar 2012 347fb" 57+6.0+18 <EO — i o
Lep. tag —a— -
E, > 2.1 GeV <
CLEO 2001 9.1fb" 7.9+108£22 e
Lep. and self tag I | | P
E, > 2.2 GeV =
Babar 2008 210fb" A0£18+5 N
Had.tag H ik H L
E, >22GeV N
PDG 2015 1.0+5.0
WA —v—
Belle 2015 711fb” 22+40+08 e
Lep. tag il )
E =21 GeV
’ B —— Bellell|(2.2+£0.61) % B R
L1 I L1111 I | | I L1 11 I L1 1.1 I L1111 I | | I L1111 I L1l
-40 -30 20 10 O 10 20 30 y 107 1 10 10°
% e
Ace(B = X_..7) , 20
- BABAR |
* If the central values don’t change: | AAXy =+(50+£39+1.5)%
« Uncertainty in Acp to be %0.67% — 3.4 ©. Belle 11
» Uncertainty in AAcp to be %0.37% — 13.5 o. AAy, =+(50%0.37)%

HINT2016 14




Time-Dependent CP Violation (TDCPV) in B-K* (K, 7%y

Belle IT
,y

[(B°(At)— Xy, )-T(B"(At) = X7,
Bisig /){AK* Ap(Ar) = ( (an) = Sy) ( (A7) > 7’)

T(45)B< T'(B°(At)— X,7,)+T (B (A1) > X,7,)

tag .
= §sin AmAt — C cos AmAt
At
e “Flavour-Specific Decay” : h s <
P y b— sy, v b—5Ye R
-~ t -7 -
b —>—te > b —< LS
L"\AI‘N ° Ll‘\a\l"p
w w
e TDCPV in B - K™y is small in the SM
2m. .
|S | ~—=sIn2¢, ~afew %
m,
B —— X",
_ . 7
BY < "y yvOP
8 BO "_>Xs TR
dotted : helicity filip
H. Atmacan HINT2016 15




Time-Dependent CP Violation (TDCPV) in B-K* (K, 7%y

Belle IT
,y

[(B°(At)— Xy, )-T(B"(At) = X7,
Bisig /){AK* Ap(Ar) = ( (an) = Sy) ( (A7) > 7’)

T(45)B< T'(B°(At)— X,7,)+T (B (A1) > X,7,)

e = Ssin AmAt — C cos AmAt

At
e “Flavour-Specific Decay’ : h <
P y b— sy, v b —5sY, R
t - t _»~ -
b —> = > S b —< < L 5
o o

* New physics with right handed current increases the fraction of right handed
photon.
e Interfere with the SM occurs and large TDCPV possible

S BY . XSPWL S BY XSCPWL
BO Ky . ':“:'.A CP BO Sy, CP
/73@ BO . : XS fyR /’?g BO XS A}/R
dotted : helicity filip red : helicity filip +NP
H. Atmacan HINT2016 16




S(B—K™ y) at Belle and BABAR

[PRD 74 111104(R) 2006]
. . WS >
* Belle : 535 M BB pairs 2 6o} Lo [PRD 78 071102(R) 2008]
| K*0 region s %0
(0.8 < m(Ky 2) < 1.0 GeV/)c?) z
_ 0.36 o 20f 0
S, =—032%7%,+0.05 ™ &2
0 T o
C. =-020x0.24£0.05 5iS 525025575 o
. 70t 91 %
@ 60} i
- 0 50f 2
* BABAR: 467 M BB pairs| & ! I
| K*0 region 2 ook =
(0.8 < m(Ks n1°) < 1.0 GeV/)c?) 10f
S =-003+029+003 95 5250 255 75
Ky - - —_
2 i
—_ 0 0.75¢
Cp,=—0.14%0.162003 | 3 OM 2
— £0.25F =
£ of E
E-0.25: 5’
?-0.5; <
=-0.75}
e f.
No significant CP asymmetry. AR AR




S(B—K™ y) at Belle I1

* Very important decay mode for Belle 1.

 Belle Il vertex detector is larger than Belle (6 cm — 11.5 cm)

» 30% more Ks with vertex hits available.

« Effective tagging efficiency is 13% better (very conservative).

« Can reach 0.03 uncertainty on S.

TT]

.

TITTT

()] 1 T2l LLITII T LTI
e ;

...... 2 i B

3

o HE CPVParameter H

10_1 .,.::::::.: . i

N

1072 -
10° 1

10

[ab’]

10?
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@)

[~ BaBar 2008 I B AR

—— Belle 2006 ; -

0.6 —— HFAG 2015 ;

------ Belle Il, 5ab™
: Belle I, 50ab™

0.4

----

CvsSin B—>K’y

(.1 1 1 | 1

06 04 02 0 0.

=04 06
S
160 deviation with 50ab-!
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Electroweak Penguin b—s I+ I

£ /- 0t

, Z ~ f v /

» Electroweak penguin (or box) ; ’ §<E S
diagram L\ A

S5

w- t
electromagnetic dipole semileptonic
operator operators

» Sensitive to the effective Wilson

coefficients for the electromagnetic : ”

t
penguin C7 ,and the vector and axial-
vector electroweak contributions Co
<

and Cyy .

s
Cr b
> — >
S

—
b '%%
i

* Rich set of observables:

» Branching fraction, CP Asymmetry, isospin asymmetry, ¢>=IM(I+ I)/2, F., forward-backward

asymmetry, ratio of u mode and ¢ mode.

HINT2016

H. Atmacan
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D

[ Inclusive B — X I* [ at Belle

Belle I

* Ars forward-backward asymmetry B — X [+ [- in Belle

Forward event Backward event

_ N(cosB,>0)— N(cosH, <0)

b I L\ —
:/“i‘ %f\‘ Ars = N(cos8, >0)+ N(cos, <0)

:g [PRD 93, 032008 (2016)] E
. | 7 -
I I 7 7

« Sum-of-exclusive method is utilized. B — X, I+ [ is
reconstructed from 36 exclusive modes.

* Tension in low g2 (¢? < 4.3 GeV?)

* One of the key measurement in Belle 11

HINT2016




D

= Inclusive B — X I* I at Belle I1

Belle I

* Ars forward-backward asymmetry B — X [+ [- in Belle 11

[PRD 93 032008 (2016)]

1.0
» Naive estimation 05 |
« Systematic error (<1%) is smaller Fook-.

than statistical error with 50 ab".
« 3.1% for g% bin1 [1, 3.5] GeV? :
* 2.9% for g2 bin2 [3.5, 6] GeV?2 1.0 g

05|

P [GeV?/c?]

7;(/)—Iuber A Ish/kawa J V/rto

.0, 3.5]GeV? |
5, 6.0]GeV” \\
44 max]GeV- i TR

_ 2
10" 1 10 10 _109@ 1.
[ab™] 20 15 -10 -05 00 05
cy”
HINT2016 21
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R(K), R(K"), R(Xs)

 Ratio of B—>Ku+u and B—Ke*e, Rk, is a clean observable in the SM.

_Br(B>Ku'u)

R, = 2 —1.003+0.001
Br(B— Ke'e [JHEP 0712, 040 (2007)]
* LHCD reports 2.6 o deviation of
ratio of BFs in 1 < ¢2 < 6 GeV-. e LHCh -m-BaBar —a-Belle
PRL 11, 151601 (2014 i
L (2014)] Rk LHCb 1
LS| * . .
_ +0.090 i ]
R, =0.75",,. £0.036 t + _
i §. SM -
e Electron mode is 05:_ LHCb: PRD 113(2014) ,151601 N
. . ’ BaBar- PRD 86(2012) ,032012
challenglng In L_HCbZ’ Belle: PRD 103(2009) ,171801
especially for high q ol R

0 5 10 15 20
72
g* [GeV~</c4]
HINT2016 22




D

Belle I

* All ratios R(K), R(K*) and R(Xs) are possible
 Electron and muon modes have similar efficiency
« Sensitive to both low ¢? and high ¢2 (¢ >14.4 GeV?)

* The errors reach to ~2% for all K, K" and Xs modes

@Lepton ID systematics is about £0.4% at Belle 11

—_— 2
T 10 - _
= N Bel Prospect
o \\\\
© \\\\ RK
\§§
N\
N
\\
10 N
) — N
] \\\
N
\\
\\§
—[1.0, 6.0]GeV? N
—[14.4, max]GeV?
1 1 2
10° 1 10 10
[ab™]

5 Ry [%]

2 L |
10 PN 1 32
\ . I m |°_|
NN pel Prospe %
\\\ Q o
\\\ \\ RK* ©
AN \\
\\\
10 Ny
o
N N
N N\
\\
\\ \\
NG Y
—[1.0, 6.0]GeV? N
™\
—[14.4, max]GeV?
1 I i ‘
10 1 10 10

HINT2016

[ R(K), R(K"), R(Xs) at Belle I1

10°F ‘
BN Bel Prospect
X\ Rxs
N
NS
\§\
10 N
N
AN
AN
\\ ™\
\\‘t\
—[1.0, 6.0]GeV? N
—[14.4, max]GeV?
1 1 2
10” 1 10 10
[ab™]
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Full Angular Analysis of B > K* I* I

The differential decay rate for B — K*£1 £~ can be written as

1 il _ 0 §(1 — F;)sin® Ok + Fj cos® 0
dr/dg? dcosf, dcosfx dp dg? 327 |4 ‘ e :

+ %(1 — F) sin® O cos 26,
8 free parameters — FL cos? Ok cos 20, + Sz sin® O sin® 6, cos 2¢

F ' ~ + S4sin 20 sin 260, cos ¢ + Ss sin 20k sin 6, cos ¢
| Observables

+ S sin @ cos 0, + S sin 20, sin 6, sin [0,
P; 4568 — Sj=4,5,7.8 + Sg sin 20 sin 20, sin ¢ + Sg sin® O sin” 0, sin 2¢ ]
1= VoY b
V(= F)
\ Y,
Transformation:

— — foro < 0
Pé,S5Z {Qb ¢ ¢

0, —m—0, for0L>7r/2,

* Free parameters reduce to three:
Fi, Ss, and the observable Ss or Ps’

« S4780r Psss’ have the similar transformation

[PRL 111, 191801]




* P48 — overall in agreement with

SM predictions.
« Ps — 2.60 deviation from

Standard Model prediction in the

range 4.0 < g?> < 8.0 GeV?

* Belle 11 and LHCb will be
comparable for this process.

* Belle I will be able to do
isospin comparison of K'* and
K™, or the ground states K.

H. Atmacan

Angular Analysis of B — K" I* I at Belle 11

> -
_C shown at CKM 2016

4+ LHCb 2013

# LHCb 2015

4 This Measurement
0.5 [ : .
laes ]
I i Lo ]

A~ 00 —& ‘
+
-0.5 { # |
-+
E— - -
-1.0
-15— . . v .
0 5 10 15 20

Absolute error in Ps

q? (GeV?) Belle

Belle Il 50 ab-1

0.1-4.00 0.416 0.059
4.00 - 8.00 0.277 0.04
10.09 - 12.0 0.344 0.049
14.18 - 19.0 0.248 0.033
HINT2016 25



B—>K vy

N
<l
)

<l <

* b—s flavour-changing neutral current

* golden mode of Belle Il because theoretically very clean:

free of uncertain long-distant hadronic effects.

SM B— K™ v v branching fractions:
[BELLE2-MEMO-2016-007]

(" Br,, (B" — K'vir)=(4.68£0.64)x10° )
Br,, (B — K’vv)=(2.17£0.30)x10™°
Br,,(B" — K*vw)=(1022%1.19)x10°°

kBrSM(BO — Kvw)=(948+1.10)x107° )

HINT2016
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B—>K»vy

* New Belle measurement of Br(B—h™) v v) with the semileptonic tagging
method.

 Highest significance in the B*—K**+ v v channel, 2.30.

» None of the limits excludes SM predictions, leave room for new physics

contributions.
BaBar hadronic BaBar semileptonic
A Belle hadronic result == SM prediction
V  this work expected A this work observed
(—D I' . T T T T T T T T T T T T T T
BELLE pre Imlnary A A
(shownatCKM2016) 3 | . “ , ' * .
= A A
g A
x & 7V I v
sl ¢ _ %
b v T =
E
1070

Ktvo Ksvv KTy K0 ntuvo 7Ovo v ptow
B decay channel

H. Atmacan HINT2016
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B — K® v v at Belle 11

“Missing Energy Decay” in a Belle I GEANT4 MC simulation

Signal B2>Kvv tag B>Dn; D>Kn

§
r

View in r-z Zoomed view of the vertex region r-¢

HINT2016
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= Full Event Interpretation (FEI)

Belle I

* New signal specific training technique.
» Uses a multivariate technique to reconstruct the B-tag side through

lots of decay modes in a Y(4S).

HINT2016
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- B — K® v v at Belle II

Belle I

MC study at Belle 11
* 500 fb-1 Y(4S) MC samples with beam

background mixing.

e FEI used to reconstruct tag side B
(hadronic)

* Signal and background extraction by a
2-D fit to extra neutral energy and

missing quantities.

- = _

At 500 o -
h?r(B%K*Jf V7)< 4.4 x 10 at 90% C.L.

compatible with

BABAR 2008 result with 413 fb-" :
Br(B—K* v 7) < 3.3 x 104
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B — K® v v at Belle 11

* The Belle Il sensitivity projection is based on the previous Belle
measurement (hadronic tag) (/PRD 87, 111103(R) 2013])
* 50 ab" of Y(4S) data.
* The hadronic tag have 100% higher efficiency.

» Ks0 reconstruction has 30% higher efficiency.

Mode B [107% Efficiency Npackg. VSig—exp. NBacke.  Nsig—exp. Statistical Total
Belle 711 fb=1 711 b1 50 ab~! 50 ab~! error Error
[1074] Belle Belle Belle I Belle IT 50 ab™!

BT — KTvw 4.68 5.68 21 3.5 2960 245 20% 22%
BY — K(S)VD 2.17 0.84 4 0.24 560 22 94% 94%
BT — K*tup 10.22 1.47 7 2.2 985 158 21% 22%
BY — K*%p 9.48 1.44 5! 2.0 704 143 20% 22%
B — K*vv combined 15% 17%
[BELLE2-MEMO-2016-007]
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Summary

* Belle II has a rich physics program

* possible to study the channels with missing energies and neutral
particles in the final states.
* Electroweak penguin B decays are very sensitive to New Physics.

* It is possible to access these decays both inclusively and exclusively

at Belle I1.

* Belle Il will help to understand the deviations from SM in B—K™) [+ [-.

* B—>K® vv could be probed at 50.
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Summary of the Sensitivities

Observables Belle 0.7 ab~! Belle IT 5 ab—t  Belle II 50 ab~!
B(B — JYsﬁ.i"")inc]eptontag 7.3% 3.9%
B(B — Xs7)sum—of—ex 10.5% 5.7%
AC«*P(B — < s—l—d".i"")inc]eptc-nt-ag 4.0% 1.5% 0.61%
AAcp(B — Xo7)sum—of —ex 3.1% 1.2% 0.37%
AAcp(B — er“ﬁ)inchadtag 14.5% 4.0% 1.2%
B(B = X47)sum—of—ex 30% 20% 14%
Sep(B — K*9) 0.29 0.09 0.030
Scp(B — p%) 0.63 0.19 0.064
B(B — X JT07) (1< q¢* <6 GeV?) 20% 10% 6.9%
B(B — X (T(7) (¢* > 14.4 GeV?) 17% 8.0% 4.3%
Rx, (1 <g¢® <6 GeV?) 32% 12% 1.0%
Rx, (¢* > 14.4 GeV?) 28% 11% 3.4%
Ry (1 < ¢% < 6 GeV?) 28% 11% 3.6%
Ry (¢ > 14.4 GeV?) 30% 12% 3.6%
R (1 <¢* <6 GeV?) 38% 15% 1.6%
Ry~ (q° > 14.4 GeV?) 24% 9.2% 3.4%
P (4 < ¢* < 8 GeV?) .
QL (4 < ¢ < 8 GeV?) will be updated
B(B — Kvv)
B(B — K*vip) will be updated

HINT2016

34



