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* Recent studies of electroweak penguin B decays:
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3 DIS2018 | Rare B decays at Belle

The Belle experiment

Operating at the KEKB collider (1999-2010). [l

Asymmetric beam energy:

8.0 GeV e on 3.5 GeV et

Boosted B meson pair produced in
e~ —+— et = Y(45) = BB
Collected about 772M BB pairs.
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NP in radiative and EW penguins

- FCNC processes: suppressed in the SM; only via loop and box diagrams

[b — 87][13 — Sl+l_] [b — Syy] B~ 107" and less

l+
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[ / v /
W_: W—H
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- High sensitivity to potential NP contributions in loops or new tree diagrams —
enhancing/suppressing decay rates, inducing lepton flavor violation, affecting

angular distributions, ... N
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NP in radiative and EW penguins o

- Effective field theory description (NP model independend):

left-hand  right-hand

4G
Log = —& — ViV, S“[CZOZ]—F[C;O;] C; - Wilson coefficients — short distance
\/_ i Q; - operator matrix elements - long dist.
- radiative and EW penguins sensitive to Cé’), O7 ~ (s,o""br)F). Photon penguin
Cé’), Og ~ (EL’yMbL)(l_’YMl) EW vector
Cib), O1 ~ (gL%bL)(l—757Nl) EW axial-vector

- NP can contribute to [Cz- > CZSM + CZNP ] [C; — CSM 4 CINP ]

% mg/my suppressed

- different observables sensitive to different combinations of C;'s
— pinpoint NP contributions by measuring many observables
— exploiting the power of global fits to see their “effective” nature
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b — sv| Measurement of B — K*y

D

<O

- Theoretically the cleanest of exclusive b — s decay (B~ 4 x 107°)

- Still large uncertainties arise from the form factors

— relatively weak constraints on NP from 5 measurements (compared to B(b — X))

- Ratios of B give theoretically and experimentally cleaner observables.

In this analysis we measure (beside B):

‘Isospin asymmetry )

Ay, = DB = K*0) ~T(B* = K*ty
L I'(BY — K*9~) + I'(BT — K*t~) J
CP violation )
4 DB K™ —T(B— K*)
N I'(B — K*y)+1'(B — K*v) Y

)
)

/Difference & average of CPV in isospin )
AACP = ACP(B+ — K*+’y) — ACP(BU — K*D’}f)?
- A(;p(B+ — K*""y) —+ A(}p(BU — K*U’}’)

Acp =

\ 2 )

Paul,Straub arXiv:1608.02556

BR,(BU — K*U')f) -

BR(Bt — K*t5)

BR(Bs — ¢) 1 o
BR(B — X.7) A ——
all BRs - —_—
—0.10 —0.05 0.00 0.05 0.10
Re CIF


https://arxiv.org/abs/1608.02556
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b — sv| Measurement of B — K*y

- Reconstructed modes

0 0 +, _— +.0 0__+ S
K*— Kgm, K™, KT, Kgm ggg (a) K27
< 80
- Main backgrounds z &
_ ) § AT : ':,_E
ee — qq — NeuroBayes using event shape vars. B w 28 *5*;; ;; *+5 26+ 5282
BB - 7.1 veto (1M+) qoig S B
| | R . S8 by kT 3% o xr
- Simultaneous fit to 7. distribution in 7 categories | =soo; i = 600
_ 3 400F 3l 400F
to extract B and asymmetries 5 200} 1S 200
O SRS Ss | I S
Flt resu|ts 5.22 524 &CZ?va% ) 522 524 hﬁbcz?G:ﬁ )
s N (& AR g
B(B" — K*0y) = (3.96 £0.07 £ 0.14) x 107°, | [Z1s0r (DK™ ] S50 ()K" i 2
B(B* — K*tq) = (3.76 £0.10£0.12) x 107°, | |2"%% ..o .. JINE % )
| S 50° ; il e 507 7% w3
Acp(B® = K*09) = (=1.3 £ 1.7 £ 0.4)%, o b UNE T TN
522 524 526 528 522 524 526 5.2
Acp(BT — K*Ty) = (+1.1 £2.3 £ 0.3)%, PR | P
Acp(B — K*v) = (—0.44+ 1.4+ 0.3)%, s | (HKgT s | (@K
Aoty = (6.2 + 1.5+ 0.6 +1.2)%, 3 1 3. 4
AAcp = (+2.4 £ 2.8£0.5)%, NI 55 N i G:. +l et
_ 522 524 526 52 522 524 526 5.2
L Acp = (—0.1+£1.4+0.3)%, ) M (GeVic) My (GeVic)
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b — sv| Measurement of B — K*y

<O

BELLE

PRL 119, 191802 (2017)

- comparison with previous measurements

arXiv:1707.00394

| B | 'IB' LT I 1 A—CP
B>Ky B-K'y
Bele 2008 72’ Balle 2004 78" . - Most precise to date
Babar 2009 347fb’" EL'i;H- fu’?i jt”t - ConSiStent W|th SM
447 £ 0.10 £ 0.16 == PDG 2017
- Strong constraints on
fALen e Belle 2017 711fb’ @ g
433£0.15 0414203 Im(c )
Belle 2017 711fp’ ra la s s g dlesgsgsasldlasgsgsadaegagsaslaaaa 7
398 2 007 £ 0.14 D 15 -10 -5 0 5 10
Acp(B = K* y) [%]
B> K™y
: Isospin asymmetry : : ) :
ipmppdind . - i - First evidence of isospin
ez vortsom et e T violation in b — s
PDG 2017 310-
421£0.16 Babar 2009 347fb"
Belle 2017 711fb" weorairaz
3.76 +0.10 £ 0.12 @
DG 2017 - great prospects for
Lo al PRI T T N T U T 452406 &
2.5 3 3.5 4 4.5 : . .
BF(B - K" v) 10° | improving asymmetries
Belle 2017 711fp"
- consistent w/ previous measurements oo @ precision at Belle I
- uncertainty systematics dominated R ——
{ J| -10 -5 0 5 10
A0+(B — K* Y) [0/0]



https://arxiv.org/abs/1707.00394
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b — siti~|Measurement of B — K*171~

- B two orders of mag. lower than b — sy

- But additional degrees of freedom:

— Final state fully specified by 4 variables:

¢* =mj, 0, Ok and ¢

- Measure the differential decay rate:

1 AT 9 [3

1
= ~(1— Fp)sin® 0k + Frcos® g + ~(1 — in’
dI'/dg? dcos @y dcos O do dg? 327w 4( L)sin” 0k + Fp cos™ Ok + 4( Fr) sin® 05 cos 20,

— F} cos? 0k cos 20, + Ss sin? O sin? 6, cos 2¢ + S sin 20 i sin 20, cos ¢

+ S5 sin 20k sin @y cos ¢ + Sg sin? O cos 6y + S7 sin 20 sin Oy sin )

+ Sy sin 20k sin 20, sin ¢ 4+ So sin® O sin® Oy sin 2¢ |,

to determine the obsevables FL (C]2), qu(q2> S. Descotes-Genon et al. JHEP 05 (2013) 137
:> p! o Sj:4,5,7,8 Optimized obsevables, largely free
1=4,5,6,8 —

\/FL (1 — Fr)  of form factor uncertainties
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b — si*1~|Measurement of B — K*171"

vy L i EL R S S S B S S a

A, 1 - I__ g
- LHCDb finds 3.4 deviation from the SM value in P5’, L LHCb 1 =
0.54_ + SM from DHMV ] 5
i | 1 9
(f)k\) " | 5
- 0Q : 1 &
-NPin Cg?!( Q¢ off —}—+ R
— or contribution from charm Ioops?g@ : + — 5
-1 [T S P |-_I|

k” . 4 0 N > 10 15

L

- Lepton flavor universality (LFU) observables theoretically much cleaner

~ Notable deviations observed in g, _ Br(B= Kup7) o = Br(B— K'u'p7)
Br(B — Kete™) Br(B — K*ete)

-o-LHCb —m-BaBar —a—Belle

S e A L B B e B 207 l l

= LHCb | & |
o ] 1.5
1.5 I : :

1' 7 10T ]

- SM 1 [ ]

0.5_— [LHCb - PRL 113, 151601] ] 0.5 N ® LHCb 7]

5 2 60- [BaBar - PRD 86 (2012) 032012] [ LHCb Preliminary BaBar
e

4 Belle 7
[Belle - PRL 103 (2009) 171801] R
O" T T T . O_O TS SRS W W (NN TN SN SO TN (NN SO NN SN T SN WO N S - QQ
5 s 0 T 30 0 5 10 15 0 ASI
- N ) 24 * PRD 86 (2012) 032012 q2 [GCVQ/C4] '
q* [GeV~/ct] - PRL 103 (2009) 171801
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b — si*1~|Measurement of B — K*111"

- We perform a test of LFU in angular Electron

« Muon
127+15 -

observables, by measuring: 185*17

]y P! Y
P4,5, 465 and Q4 5 — _ P4,5

Events / ( 0.003 GeVic? )
Events / ( 0.003 GeVic? )
T

- reconstructed modes:

Pull
Pull

_ S NN E S A 20
B+ — K*+l+l s K;«+7T+,K+7TO ' ' Mm(%ée\,ﬁcz} “ o e M,. (Gés\'/r‘cz)

BY — K1t~ K% n~ / Fit result \

9
F AR THERR NN SRR )
2
5

=
ul

SM from DHMV/LQCD |

.

- Fit 1y, distribution for the signal yield ol & All Modes ]
i 1 «  Electron Modes 1
i HH  Muon Modes 1
0.5 .
- Due to small statistics the data folding —R T :
Av 0.0 ; , ]
technique is applied ; __T_ — o
. ) _ _ -05 | , | ]
(exploit the symmetries of trig.functions, to cancel : | + _
terms of not primary intereset in diff. rate) -10 | ‘ ? ']

-15 : 1 L R !
0 5 10 15 20

\_ ¢* [GeV?/c?] -/
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b — siti~|Measurement of B — K*171~

<O

BELLE

1.5 :

1.0

-1.0

=1.5

&

T T T T T T T T T T
[ DHMmV
- #  LHCb 2015 :
CMS 2017
ATLAS 2017
g This Measurement 7]
i
ol
[ 1 i 1 L L i L 1 i i L L
0 5 10 15 20
2
q° [GeV*/c7|
15 1 — T T
10} .
0.5 — i — ]
0.0 E
-05 | N
-10L i
L [ SM from DHMV
- [1 NP Example
15L . . ]
0 5 10 15 20

q° [GeV?/c?]

Phys. Rev. Lett. 118, 111801

- Results compatible with the SM
- In the g~ region of P anomaly 2.50

deviation from the SM is observed
(driven by the muon final state, like in LHCb)

- Statisticaly limited - Belle Il (esp. ()5)

- Global fits pointto Cy'© ~ —1
T
2 S
[ % [ IATLAS
1 [ TSR RGN ¥ Belle |
L W N CMS .
't ] 177 LHCb
() 0‘; ‘ _
_1?h
_2" : i
; Capdevila,Crivellin |
-3 : -arxiv:1704.05340
-3 -2 -1 0 1 2 3


https://arxiv.org/abs/1704.05340
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' b— svv |Search for B — h™uy

: : : W

-via Z° penguin and WW box diagram X <
- sensitive to NP contributions in Cq, C1g t, C

- no contribution from charm loops — theoretically very clean Z —

- Event reconstruction:

Ve :
tagging at Belle
- A = K Ky, K K0t 0 ot p°
- semi-leptonic tagging
~tag B reconstruced in B — D)y using NeuroBayes T(4SJ;
sig
~ remaining particles used for h(*) oo
- Signal extracted from extra energy in ECL
B — Ktvu
% % Il signal
O o b—
g “' ; B continuum
< —y Do d,s
g % | |»§+ data
04 06 08 1 12 I . Y . 12

Eec. (GeV) Egc (GeV)
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' b— svv |Search for B — h®uy

<O

BELLE

- Fit results

>\

Channel Observed signal yield Significance

KTvo 177+ 9.1 + 3.4 1.90
K& viv 0.6 + 424+ 14 0.00
K*tuw 162+ 7.4+ 1.8 230
K*vip —20+ 36+ 18 0.00
7D 56 + 15.1 + 5.9 0.00
v 0.2+ 56 1+ 1.6 0.00
p v 6.2 £ 12.3 + 2.4 0.30

Ovi 11.9 + 9.0 + 3.6 1.2¢0

& >

- upper limiton B(B — K*%vv)

only factor 2 above the SM expected!

- Measurable at Belle Il !

limit on % @ 90% CL

1011

10-°F

1078

Phys. Rev. D 96, 091101,

arXiv:1702.03224

Worlds most stringent upper limits

in several modes

® BabBar hadronic

Belle hadronic

A BaDBar semileptonic
T T

A. Buras, et al. JHEP 02 184 (2015)
== SM prediction

Belle semileptonic

> e
@

rl — ’[Jl — ,*I — r*I — | — L — L — | -
K*vo Kevv K*'wp K ntve olvi plvr ptrw

B decay channel
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B — pv untagged measurement

- Due to helicity suppression very rare b
B(B — 1v) > B(B — uv) > B(B — ev)

+ Good SM prediction — NP sensitive
B"M(B - uv) = (3.8 £0.31) x 107 U

- most stringent limit from BaBar: B < 1.0 x 107°

Phys. Rev. D79, 091101 (2009)

- using un-tagged approach: all particles in event
exept signal it belong to the 2™ B.

- Neural network + p; to discriminate sig./bkg.

- Fit result
B(B — uv) = (6.46 +£2.22 +£1.6) x 10~ 7
2.4 0 excess above bkg level

B e [29, 107] X 10_7at 90% conf. 50;

Entries/0.04

100F

T e i e vy b Vg o Uiy v U T b Ly
%01 02 03 04 05 06 07 08 09 1

Onn

arXiv:1712.04123, submitted to PRL


http://arXiv.org/abs/1712.04123
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Summary and prospects <o

- We presented results of some of the recent measurements of B decays sensitive to NP

- Measurements presented are consistent with the SM, as well as with the previous
results. The largest deviation from the SM is at the level of 2.6 7, in ¢* = 4 — 8GeV bin of
P5’ for muon channel (consistent with the LHCb anomaly)

- The Belle physics program is very much alive and new results on this topics are
expected for summer conferences (R(K ™)), B — K™il', B — X,~ R(D™)))

- On a longer term — expect great contributions from the Belle Il experiment

— First collisions in the coming weeks!
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Quanta Magazine. Source photo: Christopher Michel


https://www.flickr.com/photos/cmichel67/11240233846/
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R(D*) and 7 polarization in B — D™ v Lo

BELLE

~ 15¢ Phys. Rev. Lett. 118, 211801
% £ arXiv:1612.00529
0.53—
= * 0.028
oF R(D*) = 0.270 £ 0.0357 1 05z
05K
- * 0.21
b P (D*) = —0.38 = 0.517 /¢
15 . :
13 World - consistent with the SM
F average . . .
N T TR e e W TR - consistent with previous measurements
R(D*)
% 05 [ ! ' B;Barl,PRIL10I9,10I1802I(201I2) ! e —]
e - ——— Belle, PRD92,072014(2015) Ax2= 1.0 contours -
s e e SM i
E T Domcnnt o woasaneaiceoss - combined with measurements from
0.4 [ Average R(D*)=0.252(3) S. Fajferetal. (2012) ] ]
- B _ . BaBar and LHCb ~ 40 discrepancy
035 = .
- I‘ L Q R from the SM prdictions
025 e T - ———
LW
C |__FPCP 2017 |-
02 | L | . . })(xll) = ?1.6?:;—_
0.2 03 04 0.5 0.6

R(D)
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B —» Ky

Using previous Belle measurement of
B(BZ — ¢v) PRD 91 01101 (2015)
we obtain the ratio

B(B[) " [\'*(J,\: )
B(BY — ¢v)

Systematic uncertainties

B(B — K*v)

~ detection eff. — 2.0% fi_/foo — 1.6%

# of BB — 1.4%

7Y detection eff. — 1.3%
peaking bkg. yield — 1.1 —1.6%

= 1.10+0.16 = 0.09 £+ 0.18

-1
LHCb 2012 1.0fb |—g_..—.-+—1
1.23 £0.06 £ 0.04 £ 0.10

Belle 2017 711fb" + 121fb” ot P
1.10+0.16 £ 0.09 £ 0.18

0 02 04 06 08 1 1.2 1.4
B(B” — K** y)/B(B, - 0 v)

Aoy Acp
Charged hadron det.

PID — 0.38% asymmetry
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B - K11~

15 | J J ! ) ! ! I ) ) ) ] 15 T T T
! [ SM from DHMVILQCD | [
10k M All Modes 1 [
T W Electron Modes 1 10 ]
i HH  Muon Modes I
0.5 ] 0.5 [ —— .
L L B Q} =====
- - :
05t l i ] -05 | ]
-1.0 7] -10 _ -
| @ sSM from DHMY
] L [ NP Example
_1.5 1 1 i i i i 1 _15 - ) ) ) ) | ) ) i ) )
0 5 ) 10 y 15 20 35 . 0 15 20
q° [GeV*/c? g% [GeV?/c?
2 . r2 ;2 ¥ el [y ! el [Ty
g 1 GeV f c j':If'l P‘l P-'l ‘P:':- 'P;':- P;'r
; - 0. 23 P 0 11 - P | 5 , oo FU. 21 5o FU.30 : o
[1.00, 6.00] —0.457035 £0.09 —0.7270 0 £0.06 —0.22703) +£0.15 0.237035 £0.07 —0.227]7] £0.03 0.4377 3% £0.10
F. 32 : oA FoAL P i p FoO.2T . ——F0.30 P 34
[0.10, 4.00] 0.117557 £ 0.05 0.3475 % £0.11  —0.387 70 £0.12 0.477 58 £ 0.05 0.517 g £ 0.09 0.427\ 5y +0.14
aa+0.18 : - ey 0. 24 ; +0.32 40,10 - 0,28 ’ o+0.31
[4.00, 8.00] ~0.3470 8 £ 0,05 —0527055 2003 —0.07H005 £0.07 —0.30%000 £0.09  —052F038 £0.03  —0.0370 32 £0.00
p +0.28 . 40.33 40.25 +0.20 .
[10.09, 12.90] —0.187 57 £ 0.06 - =040, £0.09 —0.171050 £0.01 ‘ - 0.0971) 5y + 0.02
[14.18, 19.00] ~0.14%038 £ 005 —0157) 0 2000 —0.100 000 £0.07 —0s110 3 001 —0017038 £0.03 —0.137522 £ 0.06
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