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Scope of this talk

*  We will focus on rare decays BF ~ 102 BE ~ 10
of mesons contains a b-quark . b u
: “B-mesons” '

 Dominant decays of b-quarks are tree ,
level transitions b - cW™". There are v, v
also rare tree transitionb - uW™"

(suppressed by [V /Vy,|2).

e b — s (or,b = d) quark level transitions are FCNCs and are forbidden in the SM at
the tree level and can only occur at greatly suppressed rates through higher-order

processes (penguin loops/box).
b w- § b W~ $
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Introduction

The decays such as B — K(*) £7£~are manifestations of quark level transitions

bosft e,
b w

a virtual t quark contribution dominates,
with secondary contributions from

vz :
; : virtual c and u quarks.
Y/Z waw- SN,
, Box Diagram ! !

Penguin loops

Sensitive to NP: Interference from the ‘possible’ contribution from the BSM.

Y
A 2

Y=

* These decays are rich laboratories of NP studies on its own and offer hope of new

physics.
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Introduction

e The decays such as B — K*) £ £~are manifestations of quark level transitions
b—osft ™.
b w-

tw wi a virtual t quark contribution dominates,
: : with secondary contributions from

E : virtual c and u quarks.
v/Z waw- SN,
. Box Diagram I ! ’ . :

Penguin loops

Jhy
L] [ ] [ ] m
The relevant effective Hamiltonian: o g
, S B £8
_ 4Gy x € I N B €
Hetr = — 5 Vib Vis 152 2:i(Ci0i + C'0°) + h.c. A28 B3 v 3 = 1
£ 2o E v(25) £ 3
The Operators which are most sensitive to the NP: c = £ =g &3
7 oo O O = o
. . L O 25 T 3
0, dipole 0, and O,, Four fermion C;? 3 2 o 2 %" Q
b b s c 2
> > % C—Cypo z < Cy, C,o dominate
interference
I >
4m? ¢’

(dilepton invariant mass)?
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First observation of ab — s*#~ decay (LP-2001)

Bt—K*utu- Event

'i;?r'-‘.?}'{'?-'.‘-?".‘l.‘l\'l'l!lllm I Jf.f I

286G

eVic

3.2

1.0 GeVic

( Lepton Photon 01, 2001 July 23, Roma |

Events / 2.5 MeV/c?

29.5 fb-
Bt— K+!~l+!~l_
B > KSO WM_

combined
10 T

9.5 7 events

:-480 -

52 5.25 53
Mpc (GeV/c?)

29-Jul-2019 The APS (DPF) Meeting 2019 | S. Sandilya )



\IEarlnyactories Forward Backward asymmetry in B — K*£+ £~

B _s K(*)p+p— based on 657 M BB pairs Belle PRL103, 171801 (2009)
Lo u*tp-and ete” 1F
Ktn, Kdnt, K*n%, K*tand K2 :

F, and A are obtained from fit to cosO,x of

andCOSOBe __|||I|..I....,,
---C7='C7SM

2F cos? Oy +2(1 — F)(1 — cos?Og-)]e(cosfy-) o 05 %SM value

<

ok

[%FL(I — cos*fgy) + %(1 — F;)(1 + cos?0p)

-

+ AFB COSQBg]G(COSHBg) A(GeVZcd)
. For full g% range:
o \“0\ _, R(K*) = 0.83 + 0.17 + 0.08
\ ’ R(K) =1.03+0.19 +0.06
| T Till last year
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Angular Analysis of B>K* £t £~

* A number of angular observables in B - K*£* £~ decays can be theoretically
predicted with good control of the relevant form factor uncertainties.

* The observables P,” are considered to be largely free from form-factor related
uncertainties (Introduced by LHCb in PRL 111, 191801 (2013))

15— e .
r 1 sm . 1 sMm ]
10F # LHCb 2015 10f # LHCb 2015 h
T ATLAS 2017 I CMS 2017 )
i t$1  Belle 2017 i ATLAS 2017 1
0.5 - 0.5 — 1 +#  Belle 2017 ]
- -
- ks |
AT 00[E ' 15 o.oI_*L_H / : :
L i —e— | —— ]
0.5 $‘+ - - =0.5 +; 'i ﬁ .
C —_— ! ) ’
b . e
1of 10 I ]
_15 L i 1 1 i 1 _15 L L " 1 " L 1 L ]
0 5 10 15 5 10 15 20

q* [GeV? /]

q° [GeV?/cY]

* Measurements are mostly compatible with the SM.
* LHCb observed deviation wrt SM predictions in P." with 3.7 ¢ .
* Belle observed similar central values for the P." anomaly g° € (1.1,6.0) GeV?/c*

with 2.5c tension.

SM: S. Descotes-Genon, L. Hofer, J. Matias, and J. Virto JHEP10, 075 (2016).

R. R. Horgan, Z. Liu, S. Meinel, and M. Wingate PoS LATTICE2014, 372 (2015).
LHCb: JHEPO02, 104 (2016) | Belle : Phys. Rev. Lett. 118, 111801 (2017)

| ATLAS : JHEP 10 (2018) 047
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P’ and Q" in separate lepton flavors

| | | | | | Belle [Phys. Rev. Lett. 118, 111801 (2017)]
H M*w + awces 1 o The Largest deviation in the

W Electron Modes |
b HH  Muon Modes i Muon Modes
05 | - . 05 .
A" oo | I m 1 A" oof . °

i qi: e ~t - 4. —+—° Electron mode is deviating
s ——1 1 == with 1.1c.

=10 . -] =10 |

| Belle (ll) is equally efficient in

¢ [GeV?/c'] ¢ [GeV?2/c*] e & L modes.

* With 2.8 ab™ the uncertainty on P’ (e & ) at Belle Il will be comparable to LHCb
3fb! (1 only). B2TIP report | arXiv:1808.10567

=15

15 : . . 15 ' ' ' i Test |ept0n flavor

=p o jL universality.
{ S S e e i * ObservablesQ, =P’*—P’e.

S ET | [JHEP 10, 075 (2016)]
4 * Deviation from zero very
. . . e , sensitive to NP.
T ey T e

* No significant deviation from zero is seen.
* Qg and Q;observables in agreement with SM and central values favoring NP
scenario.
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Lepton Flavor Universality Ratios

* The lepton flavor universality qu1 dq? dr(s 71) 2” )
2] __ 10 q

. 2
ca-n be testgd very precisely RH[qO, q1 & ., dr(B > HeTe")’
with the ratios: J 7' dq dq?

; H = K, K*

* Inthese ratios, hadronic uncertainties in theoretical predictions cancel and SM
prediction is (very) close to unity.

* Experimentally, many sources of systematic uncertainties are also substantially

reduced. .
Status till last year 2018
——LHCb —=—BaBar ——Belle 50
v 1 ot tem. | 4 T T .
= I Updates from LHCb § & Bp" ehi T2
C ] .| Belle this year 1= F
1.5 Belle & LHCh 1 r y SETTT ]
- this year ] i | ! £ | i |
- y 1 — et et S I 1 o6l b4 ]
T SM 1 Lo T ] - ® LiCh |
L - E 1 C BIP ]
i } 1 ol ¢ I 1 U4r v CDHMY ]
0'5__ b ] V-5 B ® LHCb 7] O,Qi : i?iv.iog
| o ] e R o e ]
M BN BN SN BN oo : - il 5
0 5 10 15 20 0 5 10 15 20 "o ! ’ TN [COVQ/CS]
¢ [GeV?/c4] ¢ [GeV2 /e N S e
1
LHCb, Phys. Rev. Lett. 113 (2014) 151601 LHCb, JHEP08(2017)055 — ~
~N

Belle, Phys. Rev. Lett. 103 (2009) 171801
[BIP, EPJC 76 440] [CDHMV, JHEP04(2017)016]
BaBar, Phys. Rev. D 86 (2012) 032012 [EOS, PRD 95 035029] [flav.io, EPJC 77 377] [JC, PRD93 014028]
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Recent R(K*) measurement at Belle

Belle [arXiv: 1904.02440
* Reconstructed B®and B*: B — K*(892)#* £~ [ ]

L L- ptp-and e*e-
K*n~, Kdn*, and K*n®

* Bremsstrahlung losses are recovered in electron candidates.

* Full Belle data set 711 fb™!

* Hierarchical NN Reconstruction : A dedicated NN classier is trained with MC
samples to identify each particle type used in the decay chain.

« To further suppress (e*e~ — qq ) background events, variables related to event
shape variables, vertex information are used in the NN.

* Large irreducible background events arise from the decay B — K*J/y[w(2S)], which
are vetoed by applying criteria on di-lepton invariant mass.

* However, the decays B — K*J/y[wy(2S)] serve as a very good Control Sample.

BF[B—>K"J/y(— p'p7)]
BF[B>K*]J/y(— ete™)]

=1.015+0.025 + 0.038
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Recent R(K*) measurement at Belle

beam

 Signal is extracted in Beam Constrained Mass: M, = \/Ez — |pgl?

* Signal pdf: Crystal Ball, Combinatorial background pdf: Argus shape.
* For example, the fit presented below are for the g > 0.045 GeV?/c*

[ovv2o 06T :A1X4e] 9)19g

Lo L e B e e e e T o L ey EOL s S S B
NI ¥nta— ] © 90k I =
O - +13.4 . o - +16.0 =
2 5 103.02137 1 8 70k 139.92954 E
o r . o F
I o
S 40- =
[72] & @
£ 30 2
0} c 0}
> C >
10F
0- — . | -
_ 2 - S E _
S o~ el BN s S
a B laas . a
S e B E o
522 524 526 528 ) 522 5.24 526 528 )
M, (GeV/c?) M, (GeV/c?)

* Analysis is performed in several q? bins [0.045, 1.1], [1.1, 6.0], [0.1, 8.0 ], [15, 19],
and > 0.045 GeV?/c*
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Current R(K*) Status

* Belle also provided first measurement of R(K**).
e Latest R(K*) measurement from Belle are consistent with the SM as well as
with the previous measurements from LHCb (and BaBar).

- 22_ : ; 5

X [ ——Belle2019 Belle 2019 e LHCb measurements for R(K*): ~
E 2:_ ............. _._ LHCb2017 ............................. .................................... Pre||m|nary ................. 0 11 %
185 BaBar2012 R 0.667(7(stat) £ 0.03 (sys.) &
16__ ............. — ..SM..JHEp.m....gga (2013; .............................................. .............................................. for q (= (0045,11) GeVZ/c4 E
143_ ................................. —_— ................................................ .............................................. .............................................. 2.1-2.3 ¢ from SM %
7 B — S— S 0.69X0¢7(stat) £0.05 (sys.) 8
N — e T % E— T — - for g2 € (1.1,6.0) GeV2/c* &

s 1T 1T 1 [ T - 2.4-2.5 G from SM

C e I R

0.6E11 * Belle measurements for R(K*): o
04:_ ................................................ ................................................ ................................................ ................................................ =
R B S 0.5293¢(stat) £0.05 (sys.) 7
0: | l 1 l | l 1 1 | | | 1 L | | | L for q € (0'04511'1) GeVZ/C4 E.<
0 5 10 15 , 20 B
o* (GeV</c’) 0.961027(stat) + 0.11 (sys.) E
SM example: JHEP 1801 (2018) 093 ) 2/
for g2 € (0.045,1.1) GeV2/c* : 0.92 +0.02 for * < (1.1,6.0) GeV?/c 3

for g% € (1.1,6.0) GeV?/c*:1.00 £ 0.01
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Recent R(K) measurement at LHCb

e Reconstructed B*: Bt — K* 7 £~ using 5 fb! of pp collision at CM energy 7, 8 and
L- ptp-and e*e- 12 TeV
* Significantly different reconstruction of decays with muons in the final state as
compared to decays with electrons (brem losses and different trigger selection).

* Measure Ry as a double ratio:
B(BT— K putu™) / B(BT— KTeter)

Ry =
BT BB J (= ptu ) KT B(BT= J(— ete )KT)

* Several cross-checks are used to verify the analysis procedure.
« Single ratio r(J/y) [=1.014 £ 0.035] is found to be consistent with unity (also as
a function momentum of leptons and dilepton opening angle.)

* Double ratio R}I(](ZS) [=0.986 £ 0.013] is determined close to 1.
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Recent R(K) measurement at LHCb

e Reconstructed B*: Bt — K* 7 £~ using 5 fb! of pp collision at CM energy 7, 8 and
L- ptp-and e*e- 12 TeV

* Significantly different reconstruction of decays with muons in the final state as
compared to decays with electrons (brem losses and different trigger selection).

a & 350F
A LHCb > - LHCb
% 100 —— Data % 300 2 —— Data
—— Total fit C —— Total fit
= 1fi = 1 fi
= SOReONTI /T 00 e Total Ry = 1 = 20 Total Ry = 1
ol K — o € K
= N B*— K'ete S 20F T e B'— K ptu-
§ BB J yee)K* 5‘—'(; < - Combinatorial
3 10l B Part. Reco. g 130 3
S Combinatorial S 100E
o 20 50 3
L E
0 1 | 1 |.---.1°"‘"- =2aask e E i 0 == --..I" 1 1 1 | 1 Pi-
5000 5500 6000 5200 5300 5400 5500 5600
m(K*ete~) [MeV/c?] m(K utu) [MeV/c?]

* Atotal of 1943 + 49 B* — K*u*u~ decays are observed.

* Thevalue of R, [q2 € (1.1, 6.0) GeV?/c*] = 0.8467 0029 (stat.) *0918 (sys.)
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Recent R(K) measurement at Belle

Reconstructed Band B*: B—> K £+ £~
L L- ptp-and e*e-
K* and K

Full Belle data set 711 fb1

* Charged tracks are required to originate near the interaction region (except K(S)) and
further selected based on particle identification.

* Bremsstrahlung losses are recovered in electron candidates.

* A NN is trained with input variables related event shape, vertex quality and decay
kinematics to suppress the background from continuum and generic B decays.

 Large irreducible background events arise from the decay B — KJ/w[y(2S)], which
are vetoed by applying criteria on di-lepton invariant mass.

* Alsoaveto [M,_ ¢ (1.85,1.88) GeV/c?] is applied to suppress events arising from
the decay B~—— D°[K-7©t*] ©~ due to particle mis-identification.

* The decays B — KJ/y[w(2S)] served as a good control sample.

BF[B*—>K*]/y (- pu*p7)] BF[B*—>Kg]/y(= n*p)]
=0.992 +0.011
BF[B*—>K*]/y(— e*e)] B BF[B*—>KJJ/y(— e*e)]

=1.048 = 0.020
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Recent R(K) measurement at Belle

* The NN output (O) is translated to (O’) using the formula: 0’ = log 0 — Omin
* Requirement O, >-0.6 reduces 75% bkg with 4-5% signal loss. Omax — O

Extended maximum likelihood fit is performed in 3-dimensions: M, ., AE (E;-E, .....),

and O’. (parameterized with MC, control samples and off-resonance data).
* For example, the fit presented below are for the q% > 0.1 GeV?/c*

2Bt - K up
'5_ E Mbc
w S0
g EPreliminary
E‘40_-
'E?»[]
; 1t
20:---..__.
g;“ IR NN TR 5126%6':%23%29
TSI RSN R &2
< 80F
2 BT & KTee
(3?05 be
Q 60F
g oEPreliminary
8 sof +
S 20k :
2k t .

T TR T D PO PN .
2.2 521 522 523 524 525 526 inz;(gg%k%zg

%‘45 33{1E
grﬂf[} % : + o
e BT =K'
137+ 14
: s
= — Kgu™* u
T AP | 27.3+
-01 {105 0 D{JE 01 []15 3OI:2{G %]25 _58
3
: B+— KteTe~
138+ 15
0 0, +,,—
B _)Ks!vl H
e D o __ +7.0
DD.1 —005 l] {105 01 015 _\DEZ{G 8')25 21' 8—61

* The value of R, [q? € (1.0, 6.0) GeV?/c*] = 0.981 037 (stat.) + 0.06 (sys.)
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2 2.2

L

o 2= |
1 .8 :_ ............... g BE{B&I‘2012 ...... ....................................... ...................................... ......................................
1 .6 __ ............... = --'SM ..................................... ....................................... ...................................... ......................................

1 4—_ _______________________________________ ______________________________________ _____________________________ _— _______

Current R(K) Status

Belle measured R(K) in several g2 bins and also reported first measurement of

R(K.0).

In all the bins Belle’s R(K) is consistent with SM value.

1.2

—— Belle 2019 . Belle 2019

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

..........

08:_ ....... L — )

0

06:_ ........... 2.50_ __ E E E
04:_ ............................... - ' ....................................... ....................................... ....................................... ......................................
0.2 __ ....................................... ....................................... ......................................

In fact, Belle R(K*) =1.317037 £ 0.07 [in g2 € (1.0,  on

5

6.0) GeV?/c?]

29-Jul-2019

10 15 20 25
o? (GeV/cY)

Belle measurement R(K)
0.9873-27 + 0.06 [in g2 € (1.0,
6.0) GeV?/c*] is consistent with
LHCb measurement of R(K) =
0.84610:023 Toi014 [ing? € (1.1,
6.0) GeV?/c?].

LHCb measurement is compatible
with SM at 2.5c.

T 2.2¢
X o —— Belle 2019 Belle 2019
F E Preliminary
o 1.8C —*- LHCb 2018

165 e SM

140
125

08
0.62
0.45

GO|\\\5\|\\10|\\\15\|\\|\|\

20 25
? (GeV?ch
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Recent A(l) measurement at Belle

* Another theoretically clean observable is CP averaged isospin asymmetry:

_ (781 /TB0) X B(BY — K%/¢) — B(Bt — K*¢¢) The value of A(l) is expected to

A

(18 /7o) X B(BY = KO¢¢) + B(B+ — K+¢¢) be close to zero in the SM.

J. Lyon and R. Zwicky,
Phys. Rev. D 88, 094004 (2013)

* Earlier, BaBar [PRD 86, 032012 (2012)], Belle [PRL103, 171801 (2009)] and LHCb [JHEP
06 (2014)133] had reported A(l) to be significantly below zero, especially in the g2
region below the J/y resonance.

— 0.6 ; :
a i —— Belle 2019 Belle 2019
X Preliminary
T 04 = LHCb 2019
a0
= T —— BaBar 2012
<€ 0.2
0 : :
- _'T: I—41—|
-0.2 T 1
] 236"
-0.4 b
_060 |5 |10||||15||||20\\2\|425
? (GeV</c?)
29-Jul-2019

Belle’s A(l) measurement is consistent
with the previous measurements.

In all bins A(l) is below zero.
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Recent A(l) measurement at Belle

* Another theoretically clean observable is CP averaged isospin asymmetry:

(1B /7TE0) x B(BY — K%/) — B(Bt — K*¢¢) The value of A(l) is expected to
(18 /7o) X B(BY = KO¢¢) + B(B+ — K+¢¢) be close to zero in the SM.

J. Lyon and R. Zwicky,
Phys. Rev. D 88, 094004 (2013)

* Earlier, BaBar [PRD 86, 032012 (2012)], Belle [PRL103, 171801 (2009)] and LHCb [JHEP
06 (2014)133] had reported A(l) to be significantly below zero, especially in the g2
region below the J/y resonance.

A

B—> Kutu~ B— Ke'e~
— ; ' : T :

= i - Belle 2019 () ‘ Belle 2019

’E_ 0'6: —— belle 2Uts Preliminary ;:2 0'6: Preliminary
< 0.2 + < 0.2
- = -
oF ! oF
-0.2f -0.2f
—0.4F 0.4
- 2.7c -
0.6 0.6

0 | | | = | 5 | | | |10| | | |15| | | |20\ | 2\ |‘4.25 0 | | | | 5 | | | |10| | | |15| | | |20\ | 2\ |‘4.25
o? (GeV/c™) o? (GeV/c™)
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Belle Il Projections for R(K) and R(K*)

* Upcoming Belle Il measurements will be helpful in reducing statistical
uncertainties.

* Total uncertainties on R(K) and R(K*) measurements can reach down to below 5%
with full data-set at Belle II.

* Uncertainties are still statistical dominant (total systematic is below 1% with

dominating uncertainty from lepton identification ~ 0.4%)
B2TIP report | arXiv:1808.10567

g O < 09 .
c L Belle 112019 I Belle I 2019
0.5 Projections for-RB(K*) 0.25 e Projections for-R(K)
— H H — o H
Ca . r o z
- o,. L ; L ‘," :
04r - €(0.045,1.1) GeV/ 0ok -2 € (0.1,4.0) GeV2
L . ".'.f" "" " q2 S (1 1 ,60) GeVz C ‘{2;’(’ - q2 e (4C ,81 2) Ge\ﬁ
0 3_ “a . ‘.,"‘ . q2 € (15 0,190) GeV 0 15, ‘1,;’;:1" i q2 € (1 C,BO) Gevz
L T =i of > 0.045 GeV* o, A Y
L ’v,.‘ «,. . : qd = L ., . --.";,)/ q2 > 14 18 G av2
— :”. L . - Y, ., £y ;,,’ .
- ’.“,. “, - ',.” * ) i AWhole q’
0-2 : S L R .F”. t,.(.“ 0- 1_ f./‘ .... . ﬁ.';:’:’“ ‘
- e, "’q.,,. ey : - "r.,.,. , ~.'\';";’!.,..
- ", iy TR T L .’k|~1. .-..~ X
0.1 & Wik iy, & "Jar-,.:_ L 0-05 : oy " ..::;.-'6:‘
: ..... J""ll‘ft RiLLLITT T ’.r"h'r;s.:?-lw..r,.:';"t : T, bl ":tﬂ“N
: .................... In.f : -\.?
0 1 . 0 I
1

Integrli?ed Luminosity (ab™) Integr1a?ed Luminosity (ab™
Belle Il Commissioning, First Results, and Future Prospects : Z. Liptak (Jul 315t)

Quark & Lepton Flavor Session
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e The decays B — K*)£*£~are FCNC processes and is a laboratory of New Physics
studies on its own.

* The ratio of branching fractions R(K) and R(K*) are theoretically as well as
experimentally clean variables.

e Most precise results come from LHCb collaboration and reported (this year:
PRL122 (2019) 191801) a deviation of 2.6cin g% € (1.1,6.0) GeV?/c* for R(K) and
similar deviations were reported earlier in R(K*) JHEP08(2017)055.

* Belle measurements of R(K*) (arXiv:1904.02440) and R(K) are compatible with
both SM as well as with past measurements.

« Belle A(l) measurement for B — K£* £~ is found significantly below zero
(specially in g2 € (1.0,6.0) GeV?2/c* for decay B — Ku* ™ with deviation ~2.7c).

* Belle Il experiment has started physics runs and expected to accumulate larger
data sample, which will be crucial for rare decays measurements.
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LHCb prospects

Interplay between the Experiment | 2018 | 2021 | 2024 | 2025 | 2037
LHCD Upgrades and Belle |l. Belle-11 5ab~! 50 ab ™!
LHCb 9fbh~! 23" 300 b~

Large reduction of the
uncertainty on the LFU measurements.

0.30 T I T I I Yield Run 1result 9fb~" 23fb~' 50fb~" 300fb~"
—  Belle - I Ry BT Ktete™ 254+29 [274] 1120 3300 7500 46000
] Belle - 11 Ry.|| B°— K®ete 111+14 [275] 490 1400 3300 20000
) 9 0 +o— =
0.2} — LHCb By [| Bt 80 230 530 3300
a A pKete -~ 120 360 820 5000
. LHCb Ry, Bt s rtetem - 20 70 150 900
g 020 - LHCb Ry | Ry precision (stat.only) Run 1result 9fb~' 23fb~! 50fb~' 300fb~"
¥ “ — LHCb Ry Rk 0.745+0.090 £ 0.036 [274] 0.043  0.025  0.017  0.007
z ! * Ry 0.69+0.114+0.05 [275] 0.052 0.031 0.020  0.008
2 ozk R, - 0130 0076 0050  0.020
< Rox - 0105 0.061 0041  0.016
£ R, - 0302 0176 0117  0.047
2 0.10}
0.05}
0.00L— L 1 - i E—
2015 2020 2025 2030 2035 From slides of Julian Garcia Pardifias (Win

2019) & Vitalii Lisovskyi (EPSHEP 2019)
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LHCb prospects
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-30 -25 -20 ~-1i5 ~10 -05 0.0

CyP

arXiv:1903.0961
[Alok, Amol, Shireen, Dinesh]

« analyze all the scenarios where
the NP contributes to a pair of (O,
O,0, Oy, O,4') Operators at a time.

1 * Scenarios with new physics

contributions to the (C,\, Cy’) or
(CNP, C,o’) pair remain the most
favored ones.
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Forward Backward asymmetry in B — K*£+ £~

B _s K(*)2tp— based on 657 M BB pairs PRL103, 171801 (2009)

Lo u*tp-and ete”
Ktn, Kdnt, K*n%, K*tand K2

F_ and A, are obtained from fit to cosO,«
and cosOg,

—_

O—_2MNWRERUTO N0 OO
Ll Rk | T ™

Events / 0.25

P | | — PR T ST RSy (SR s
-1 075 -05-025 0 025 05 075 1

cosBK.

12F
10F

Events / 0.25

For illustration in g2 € (0, 2.0) GeV?/c?

6 -
4k
i S S R(K*) = 0.83 + 0.17 + 0.08
-1 075 -05-025 0 025 05 075 1
cosd, R(K) = 1.03 +0.19 + 0.06
Till this year
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Belle Il prospects for B>X ¥4~

° Be”e Il can Observables Belle 0.71ab™! Belle IT 5ab™ ! Belle IT 50ab "
. ) Br(B — X /T07) ([1.0.3.5] GeV?) 29% 13% 6.6%
significantly improve Br(B — X (+(~) ([3.5.6.0] GeV2) 24% 1% 6.4%
upon this situation Br(B — X (™) (> 14.4 GeV?) 23% 10% 4.7%
el Apg(B = X T07) ([1.0,3.5] GeV?) 26% 9.7% 3.1%
and with its expected ApB(B — X+07) ([3.5,6.0] GeV?) 21% 7.9% 2.6%
larger statistics. Arp(B = XoH07) (> 14.4 GeV?) 19% 7.3% 2.4%

B2TIP report | arXiv:1808.10567
* Inthe beginning, Belle Il will still have to rely on the sum-of-exclusive method but

later fully inclusive analysis can also be attempted.

Co,10 Exclusion
95% CL On the R 1 - 20 jl | /‘ e e—l ro'ec!linns: n:: usive lus I_-
T. Huber et al., 910 = C310 ; P et | contours in the
JHEP, 06, 176 (2015) In SM: R, 1, = 1 15 mmammeman | e cNPolane
- T T T ) i JJ O _ A ]
[ ' e G s resultlng from
Belle Il reach 10F A0 Lt (9 ]
N { future BF and
Be”e 2(32 0.5r |I :n ’ ! ’!_i AFB fOf
: \‘ I'\I 1.‘ : i’ : + _
measurement of oo 8 /] B—X£7¢
— the forward- ’ ‘Q\ ‘
] ~0.5}
backward . O IS f
- S \ rom
- . _ _ ] asymmetry S1obL RN AT global
~10 _s 0 5 10 -20 —15 —10 05 00 05 10 15 .
Ry ciP analysis
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Measurement of A-z(B—>X AT £7)

* Inclusive measurement is theoretically cleaner than the exclusive, but
experimentally more challenging.

* Sum-of-exclusive technique (10 modes with M[X,] < 2.0 GeV/c?) used to measured
Ag; (corresponds to ~50% of the inclusive rate).

EB—*XSM"'#_ cosf >0 s cos@ <0

<« For illustration in q2 € (1, 6) GeV?/c?

15

PRD 93 032008 (2016)
1.0 B

10

Events /2.5 MeV/c?
Events/ 2.5 MeV/c2

L ] 1 * 1 LR I N
522 524 5.26 5.28 530 5.22 5.24 526 5.28 5.30 0.5
M, [GeV/c’] M, [GeV/C’] ol

The result is consistent with a SM prediction

within error (1.8c tension in low-g? ). < 00K

Results are statistically dominated — Belle Il ¢ :
(with its expected larger statistics). I

Also, fully inclusive analysis can also be 1.0
attempted in Belle II.
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Full Angular Analysis

[ Generator rI:Ii5,1rl|:-utn:|n ' "\\\\I //// I

B /i Sideband J % ;//7

B 1Y) Rideband % %
by s
\ /
\ o

© © jJeof o

_:;\\ ,:;
| /
1 B
§ 7
6 B

o] 5 10 15 20
¢ [GeV*® [c!]

The observables are depended on qz = M? +o—
The differential decay rate for B — K*{T™ ¢~ can be written as

1 il _° 3{1 F; ) sin® 6 + F, cos® §
dr/dg? dcosf, dcosfx dp dg® 32w | 4 L Rt K

1
+ 1[1 — F.)sin® f cos 26,

— F; cos? B cos 26; + S5 sin? A sin® §; cos 2¢)
+ S, sin 26k sin 20, cos @ L+ Ss sin 20 sin §, cos @
+ Sg sin? B cos B, + S5 sin 20k sin B, sin ¢

+ Sy sin 26 sin 26, sin ¢ + Sg sin® B sin® 6, sin2¢ ] :
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P’ asymmetries

i I

In the decay B -+ K*%u*pu—, followed by K*° —
K '« the direction of the four outgoing particles can
be described by three angles, shown in Fig.[11] The
forward-backward asymmetry Aypg is defined as the
relative difference between the number of positive and
negative leptons going along the direction of the BY
meson in the rest frame of the two-lepton system. This
corresponds to an asymmetry in the distribution of the
B¢ angle. Similarly, the K*" polarisation fraction F{
depends on the angle 0y, defined analogously to .
Other asymmetries can be constructed from the other
angles or combinations of them. The P asymmetry
suggested by Ref. [101] is based on the angles 0y
and ¢. It is defined as the relative difference between
dow up the number of decays in the regions in red and blue
in Fig.[12, divided by /F; (1 — F¢ ). Quantities based
cos 8, on several angles are more difficult to measure than
single-angle ones as they require a better understand-
Figure 12: Definition of the F; asym- ing of the reconstruction efficiencies depending on the
metry. kinematics of the outgoing particles.

" /
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Figure 11: The angles ¢;, 0 and ¢
in the decay B — K*u' . Figure by
Thomas Blake.

up down

l¢ [rad]




Angular Analysis of B>K*£* £~ at Belle

The differential decay rate for B — K*¢* /¢~ can be written as

1 o —_ E(1—/:)sin29 + F; cos® f
dlr /dg? dcosf; dcosfx do dg?2 327 | 4 L KT FL K
1
+ 1(1 — F1) sin® 6 cos 26,

— F; cos® Ok cos 20, + S sin® Bk sin 6 cos 20
+ S, sin 26k sin 20, cos ¢ + Ss sin 26k sin 0, cos ¢

+ S sin® Bk cos B, + Sy sin 26k sin B, sin ¢

+ Sy sin 20k sin 26, sin ¢ + Sg sin? Ak sin® 6, sin 2¢

JHEP 01 (2009) 019
for o < 0 / o Sj=4,5.78 \
/=4,5,6,8 —
. for 0, > /2 I \/FL(‘I — FL)
for 6, > /2,
The observables are considered to
Pl S, { for ¢ <0 be largely free from form-factor
5, ) . .

Introduced by LHCb in Op—m—0. for0.>7/2,  related uncertainties Y
Phys. Rev. Lett. 111, 191801.
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Folding Procedure

» With a transformation of the angles, the
dimension is reduced to three free parameters

» Each transformation remains three
observables S;, Fi and S5

¢ — —0 for ¢ <0 » The observables
F’,;,Sd,: O—T— 0O for€L>?r/2
o 6, forf, > /2 P! = J=tere
m— T/ 2. i=4,56,8 — ;
L — [ lort/ = .-'I./ _ \/F;_(1 — FL)
Pl o= -0 forgp <0 are considered to be largely free from
505 O — m—0, forf, > /2, form-factor uncertainties

» Transverse polarization asymmetry

A(Tz) _ 25
(1 — F;_)
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Angular Analysis of B>K*£* £~ at Belle

e Datais divided in the qz bins. Belle [Phys. Rev. Lett. 118, 111801 (2017)]

 Signal and background fraction is obtained by fitting M, _ distribution

* Thedataissplitintoa
sideband and signal region

Events /{ 0.10 7 rad )
Events /{ 0.05 x rad )
Events /( 0.10 x rad )

pueqapis

—~  B0Fms =
%z . Sideband <—:
(GO H
]
s < g S S o e e
= s . ' :
0 C 8, (rad) & (rad)
S 4op
> £
W gE - -, -

g B 3 E

20 [ w 1 [

E e 3 e

10F =] =] =]

E hy = v -

é;:- L L L % g i g

22 5.28 5.3 H ] ]

M, (GeV) i w w

e Shape of the background
can be determined in the
sideband region

Pull

5 15
SR SR S |
“E | ‘—l._‘ L |-ll—|

p
T
Pull

—— — o5 T Tz
8, (rad) 8, (rad)

* Final fit in signal region for each transformation
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