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Tree and Loop

o Bellell status and performance
o Lepton flavour universality and lepton ID

T T T [ T T T T [
BaBar, PRL109,101802(2012)

e TreelevelB decays (recent reSUltS) é 0 5;_ Belle, PRD92,072014(2015) A’ = 1.0 contours _;
. Q{, - LHCb, PRL115,111803(2015) ——— SM Predictions ~

e Bo>TV X, X= D, D*, n:D* SemlLep tag 2016 PRD, 0451 3232: iiﬂ"f‘g‘)ﬁ?gﬁfgﬂ) R(D)=0.300(8) HPQCD (2015) E

* . - LHCb, FPCP2017 R(D)=0.299(11) FNAI._{’MILC (2015) -

D* Hadronic tag 2017 PRL&PRD, 12016 PRD 0.4 B Average R(D¥)=0252(3) . Fajfer etal. (2012) =

e« B>lvX,X=D,D*:B->D 2016 PRD, 03sf-| T4
D* 2017 Preliminary, D** 2018 sub. to PRD o3 ] [ D

e Bo>lv,l=1,: B> uv2018sub. to PRL sk | e m

» Loop level B decays (recent results) 02F | oy
I T T T TR NN T S T PR TR T T N TR SN SN S A

e B>LlIX, X=X, K, K*: K(*) 2017 PRL, Xs 2016 PRL 0.2 03 04 - R(D)

e B>TIX&B>XVvyvy,X=K, K*: K(*) 2017 PRD

o Note: France joined Belle Il in 2017! (25th country to join)
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Belle II Upgrades

Vertexing: new 2 layers of pixels, upgraded 4
double-sided layers of silicon strips

Tracking: drift chamber with smaller cells,
longer lever arm, faster electronics

PID: new time-of-flight (barrel) and proximity
focusing aerogel (endcap) Cherenkov detectors

EM calorimetry: upgrade of electronics and
processing with legacy CsI(Tl) crystals

K, and u: scintillators replace RPCs (endcap
and inner two layers of barrel)




SuperKEKB / Belle II Luminosity projections
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Calendar Year

Phase 2:
Peak luminosity reaches
1 x 1034 cm-2s-1 (Belle)
20 fb-1 for physics near Y(4S)

March 2018: First beams.
April 2018: First collisions
July 2018: End of commissioning run.

Verification of nano-beam scheme
understand beam bkg in VXD volume

Phase 3:
50 ab-1 by 2025
50x Belle, 100x Babar

Early 2019: “Phase 3”

All 2018 dates are tentative
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etector 1nstallation activities
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SVD hits

Cosmic rays

ARy




LER and HER current: 16 April 2018

HER

LER

http://www-
linac.kek.jp/skekb/
snapshot/ring.html
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Muon 1dentification

o Muons are the easiest to identify

o Little to no radiation (heavy)
o Stable within particle detectors

o
o
>

Muon efficiency (solid)
Pion fake rate (dashed)

e No stronginteractions in absorber material

o |In B-factories, need p > 700 MeV/c to reach muon detectors

IET e

o ECL not used for pID at Belle - to be used in Belle Il. T
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Electron identification

o Electrons are light: Final state radiation

material, averaged over ¢

B R
= PXD
B SVD
B CDC
B ARICH
B TOP

« Bremsstrahlung in material is likely

o Measure too low momentum, Too low energy in calorimeter £ o
e Bremsstrahlung recovery partial fixes this
e Bellell: TOP, ARICH, dE/dx, ECL-shower profile ¢ o4
> development for low momentum in progress.
0.0
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Tau 1dentification (reconstruction)

o Identification / reconstruction of T leptons is very challenging
e Short lifetime of 10-12 s
e Hadronicdecaywithm’sand1lyv
e Leptonic decay withe/pand2v

o Lack of full reconstruction implies background mimics the the signal where some

daughters are lost e.g. K., 0. Often difficult to constrain with “sideband” data.
‘ Tag side ‘

Signal side ‘
‘ g 0.03 tanB/m . = 0.00 [GeV i
tanB/mH+:O.3O GeV

[
[
tan B/mH+ =0.50 [GeV
[
[

tan B/mH+ =0.70 [GeV
_ -1
002 tanB/mH+— 1.00 [GeV

0.01

2-3 neutrinos

- Impossible to fully O°O%O 0.5 1.0 15 20 2.5

reconstruct Byig p, [GeV]in cm frame
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Beam background (MC 2017)

® 20x more beam induced background than KEKB!

e Touschek (intrabunch scattering), Radiative Bhabhba, QED/2y, Synchrotron radiation.

e Increases occupancy in inner Si layers - can degrade tracking.

e Increases background at low energy in the calorimeter.

15th background campaign (ECL)
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B-factory Approaches to Measuring B - Xlv

Untagged
initial 4-momentum known
missing 4-momentum =v
Reconstruct B» X, lv
Use other side to constrain B flight
direction.

Fully Reconstructed Tag
One B reconstructed completely in a
known b & ¢ mode without v.
“B-meson Beam”

Signal

Rest used to reconstruct V

77 Tag side

Signal

Eff. Purity
High Low




B-factory Approaches to Measuring B - Xlv

; Eff. Purity

Untagge :

initial 4-momentum known Signal High  Low
missing 4-momentum =v Y(4S)

Reconstruct B» X, [ v .

0
Use other side to constrain B flight -
direction.
Rest used to reconstruct V
Fully Reconstructed Tag N
. I
One B reconstructed completely in a K-‘% Signal
known b & ¢ mode without v. Tt - D"

+ o Syl - -~ - - ===
“B-meson Beam” _’%‘
e
@
b b v HHES - Tag side




Hadronic tagging

Tag algorithm date MVA Efficiency Purity
Belle v1 (2004) Cut-based (Vcb) - -
Belle v3 (2007) Cut-based 0.1 0.25
Belle NB (2011) Neurobayes 0.2 0.25
Fast
B Il FEI (2017 .. : 2
elle (2017) BoostedDecisionTree 0-5 0.25
Belle 1| MC Belle || MC
g 0.6F eBGX0 - :c? 1 e BGx0
% 0.5;_ *BGx1 ] % O.8f e BGXx1 -
0.42— 7 0.6: ]
0.3F 1
: 0.4 ]
0.2 - i
01t ERNE ]
20 30 40 50 60 70 80 90 0~ 20 30 40 50 80 70 8o
purity (%) ourity (%)
e +NEW FEI method based on semileptonic tag
Fast BDT taginB->D(*) lv+B > D(*)mt | v.
D
V)

Belle I

BT modes

BY modes

Bt — Drt

Bt — DOgtg0

Bt — DOt 070
Bt —» DVrtata—
Bt — DD

Bt — Dxt

Bt — D0zt 70

Bt = D¥0gtatn—
Bt = D0gtptp—70
Bt — DDV

Bt* — D D*0

BT — DK+

BT - D ntnt
BT = JW KT

BT — JWKtata™
Bt — Jhp Kt !
Bt — Jhp Kn™

BY - D nt

BY - D qt70

B - D ntatn~
BY - DfD~

BY —» D*rt

BY — D* g tq0
B - D*ntatn-
B —» D*¥ntatp— 70
BY — D** D~

BY — DFD*~

BY — Dt D*~

BY — JRp K?

BY — Jp Ktrt
BY — Jhy KOrtn~

Bt - D ptgtyg0
Bt —» DVrtrta—n!
BT — DD+

Bt — D'DTKY
Bt — D*DTK!
Bt — DYD*TKY
Bt — D*YD** K
Bt — D'DVK+
Bt - DYDVK+
Bt — D'D*VK+
Bt —» DD 0K+
Bt — Dpt 7070

BY - D nta970
B 5 D ntnpta—nl
BY — DVxtn—
B - D-DYK+
BY - D—-D*K+
B - D*DYK+
BY - D* DK
BY — D_D+Kg
BY — D*_D+K(S)
B’ - D~D*TK!
BY — D*_D*+K2
BY - D* gt 7070

Dt .D*" DY modes

DY D*0 modes

Dt - K ntgt
DT — K ntrtg!
Dt - K- K*trnt
DT - K-Ktrgtg!
DT — K97t

DT — K9rtx!

DT — Kontrtn~
D*t — DVr

D*t — D+l

Df - KTKY

DY - Ktntn™
Df - KTKnt
Df - KTK-ntrl
Df - K"Kt n~
DF - K~K%tn™
Df - KTK watatr™
Df »atatno™
D;f+ — D;_WO

DY —» K—nt

DY - K—ntql
DY K—ntntn—
DY — r—qt

DY — m=ntql
DY — ngo

DY — K2W+7T_
DY — Kgﬂ+7r_7ro
DY - KK+t

DY — K_K+K2
D* — DOV

D*0 s DOy

DT — 770

Dt —» atntn/
DT — aota¥n—n0
DT - KXKKY
D*t D%~

D 4 Kot

DF — Ko7t rl
Dt — D70

DY — K—ntxa070
DY - K—ntatan—70
DY — rrtata
DY — 7=t a07Y

DY —» K~ K*70

e Below line: not used in Belle NB tag.
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B-> D* T v: T Polarisation with T — 7 v, hadronic tag ESSGRsEPELNeY)
Belle PRD 97, 012004 (2018)

e First measurement, consistent with SM.

M signal B—D"tv, || FakeD and qQ
"/vcross feed I oo 2" -4 Data

[

=
BY, v—nv, cosb, <0

=
B’, v—mv,_, cosb, >0

—

Events / (0.1 GeV)
Events / (0.1 GeV)

A O
N

02 04 06 08 1 12 14 % 02 04 06 08 1 12 14
Ecq, (GeV) Ecq, (GeV)

B°, v—pv,cosb, <0 B v—pv,cosb >0

14

12
10
8

Events / (0.1 GeV)
Events / (0.1 GeV)

6
4
2
%02 04 06 08 1 12 14
E., (GeV) E., (GeV)

02 04 06 08 1 12 14

B, v—nv,cosb, <0
T el

B, v—nv,cosb, >0
T el

Events / (0.05 GeV)
Events / (0.05 GeV)

% 02 04 06 08 1 12 14 % 02 04 06 08 1 12 14
Eec (GeV) Eec (GeV)

B, t—pv_,cosb, <0 B, v—pv_,cosd, >0

(T rest frame)

Events / (0.05 GeV)

Events / (0.05 GeV)

0O 02 04 06 08 1 12 14
Eccl (GeV)

o B+->D*1t+v:210+27(stat) events
B+-> D* |+v: 4711 +57(stat.)

o BO->D* 1+v:88+11(stat) events
BO > D* [+ v: 2502 + 52 (stat.)

P.(D)

R(D*) = 0.270 + 0.035(stat.) *2-958(syst.)
P.(D*) = —0.38 + 0.51(stat.) T3 (syst.)

— ||||||||IIII|IIII|IIII|IIII|IIII|III

Lyon 2018, Belle Il

Phillip URQUIJO



B - D* T v with semi leptonictag, T - 1lvv

e Signal/Normalisation separation based on cos 0s-p| Belle PRD 94, 072007 (2016)

* * 2 2
_ EbeamED*l — Mp — Mp*

COSHB—D*I — * *
. 2‘pbeameD*l‘
Signal event
0 015 F ++ —
S X
>
4] - i
5 0107 P
Normalization event << ¢
- ¢ -
0.05 -

T/ THE UNIVERSITY OF
¥22 MELBOURNE




B - D* v with semi leptonictag, T - 1vv

e 772M BB pairs

Belle PRD 94, 072007 (2016)

e 2D binned fit to EgcL and Ong ' —
—~ >
),
o B0 ->D* 1+v:231+23(stat) events % O
LN
BO > D*- |+ v: 2800+57(stat.) events. 8 S
\O -
() —
e R(D*)=0.302+0.030+0.011 S I
‘\"" =
cosé?Sig 2 g
B—D*1 S i
M2 > 0
miss w10 -05 0.5 1.0 00 02 04 06 08 10 1.2
Total energy of Bi.s + Beio One Ecc, [GeV]
—~50F —~ 04r O
S R Usubtiacted pO* | B ol o wf
Gaof Mot 3
5 L | FakeD®) 034 | -
E 30 : Bl other 0.32 0.4 f_
g E 03 B
Lﬁ 20 " 0.28 0.3
E 0.26 |- E
10 - 0.2 [~
i 0.24 I— -
0 0.22- . 1 0-_10;' — I0 I()_I5I . I2I I I2.5
0.0 0.5 1.0 p1 °5[GeV/c2]'O tanf/m... [GeV " c,
D*
D o g/ THE UNIVERSITY OF
<O $-J MELBOURNE
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B- D(*) Tv measurements @ Y(4S)

e Target measurements
» Rp+, Rp, P(T), P(D), dI'/dq?, dI'/dpp, dI'/dp

Experiment Tag method T mode Rp Rp+ 0
Belle 07 Inclusive evvV, TV
, 0.38+0.11 0.34+0.08 -
Belle 10* Inclusive lvv, TtV
Babar 12 Hadronic lvv 0.440+0.058+0.042  0.332+0.024+0.018 -0.27
Belle 15 Hadronic lvv 0.375+0.064+0.026 0.293+0.038+0.015 -0.32
Belle16 Semileptonic |vv IN PROGRESS 0.302+0.030+0.011 -
Belle 17 Hadronic MV,pV - 0.270+£0.035+0.027 -
Belle ave. SL+Had - 0.374+0.061 0.292+0.020+0.012 -0.29

Belle inclusive not in average (cannot accurately account for correlations). | symmetrised some errors for this table.

% o [HE UNIVERSITY OF
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Leading systematic uncertainties (Belle)

NEW hadronic tag analysis
B+> D) 1t [ v (1.4k signal)
BO> DO) 1+ L v (1.1k signal)

Must better understand B> D** [ v background
Had tag Hadtag Hadtag

oy
0
T
S

Experiment SLtag R  Rp, Rp,
T>hv ™>lvy w3lvy
1 MC statistics 2.2 3.5 -
2 B->D*lvmodelling +1,-1.7 2.4 1.5
3 B->D*lv +1.3,-0.2 2.3 -
4 D** decay modes (in 2) (in 2) 1.3
5 Hadronic B decays 1.1 7.3 -
6 B>D**tvVv (in 2) (in 2) -
7 Fake D() 1.4 0.2 0.3
8 Fake lepton - - 0.6
9 Lepton ID 1.2 1.8 0.5
10 T Br 0.2 0.3 0.2
Other - 2.3 -
Total 3.5 9.9 5.2

o B(BT — D {tv)
= [4.55 + 0.27 (stat.) £ 0.39 (syst.)] x1073,

° B(BO oy DOW_€+V)
— [4.05 & 0.36 (stat.) + 0.41 (syst.)]x1073,

e B(BT — D* wt/{Tv)
= [6.03 + 0.43 (stat.) £ 0.38 (syst.)]x1073,

e B(BY — D*0x—¢tv)

= [6.46 & 0.53 (stat.) &= 0.52 (syst.)]x 1075,

|
(0]
o

— T
— D I Bt - D" ntl'v 3

—— Data

B"-=D" ntl'v
B =D atlv
| |OtherB — XIv
| |Other BB

L1
(o)} ~
o o

NN
(o)
o

o
Counts/(0.032 (GeV/c??

Pttt
w
o

Pull




Novel measurements (not yet done at Belle)

o Full differential measurements with systematics.
e R(D) with semileptonic tag ** (Belle).
e Inclusive-tag measurements (revisited with improved sys. errors).

e Channelswitht>3TmV. 0,00 -

0.30 1
Measurements 0.25 -
0.20 -

0.15 -

fraction of total

0.10 A

0.05 -

e B>D" 1V
e (Inclusive)B> X TV,
o CPviolation with triple product 0.20 -

o More effort to directly discriminate VL, VL, SL, SR, T-LQ scenarios.

0.15 1

0.10 1

fraction of total

Complementary Measurements
0.05 A

e (Bs)Bs>Ds*™lv,Bs>Dstyv,

e (D**) Many more B > D** | v measurements o

e (b>u)B->mtV,pTV-studiedbutnotyet3o.

Lyon 2018, Belle Il Phillip URQUIJO

B signal
Bl fake
—e— S/N

- (0.008

-0.007

- 0.006

S/N

- 0.005

- 0.004

-(0.003

e X A %

Semileptonic B-reco modes (preliminary)

-0.020

/N

-0.015 »n

-0.010




Belle II Projections

x 0-5_'"I""I""I""I""I""I""I""_,_\ 1 | | I -
% - Deved Prolection ICHEP 2016 Preliminary - *9; I Belle Il Projection 1l e F +
045 - — Babar — al - Belle Combination _ qc)_l 200 -
B LHCb 7] = SM prediction: PRD85 094025 (2012), PRD87 034028 (2013) _ Lﬁ -
~  —— World Combination N 0.5 Scalar } — 1000 +
()_4__ - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) — ] ‘leﬁtszrr PRD87 034028 (2013) i - +
- o - n 800~
i - i AN :
= - OT/ ] 600F T
0.3 - I ] 4oo:—+
0.251- =2 — I - )
1o contours 7] B . 4 5 6 7 8 9 10 11 12
oo b o b Lo b Lo Loy _d I T R qQ(GeVQ/CQ)
“ 025 03 035 04 045 05 055 O 2 0.25 0.3 0.35 0.4 e )
R(D*) 50 ab-1 projection of the subtracted q
R(D) spectrumin B-> D* tv (HT)
AR(D) [%] AR(D*) [%]
Stat Sys Total Stat Sys Total ° Fullsimsensitivity studiesin progress.
Belle0.7abl 14 6 16 6 3 7 o Projections based on Belle + assumed R(D)s. precision

Bellell 5abt 5 3 6 2 2 3 o Background modelling will dominate error @ 50 ab-1.
Belle Il 50 abl 2 3 3 1 2 2

D
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LFUV 1In e/y, and Model Independent SL. Form Factors

al’

d—(B — Dlv) ~ (Phase Space)|V.|°G(w)?

w

dl’ § o o 5 m2, 4+ m2. — g2

d—(B — D*fv) ~ (Phase Space)|V|“ F'(w) Z H; (w) o — B D — 4
W 1=+4,0,— QmBmd

BGL. Bovd. Grinstein. Lebed Phys.Rev.Lett 74, 4603 (1995) Normalisation: BT

Di (ZU) N P (heavy quark limit)
Fi(w) = Bi(Z)Qbi(Z)nEZ:Oa%)Z 2= (Vw+1-v2)/(Vw+1+v2) ) ]:* >
CLN, Caprini, Lellouch, Neubert Nucl.Phys.B530, 153 (1998) B
Vo e— ol w=1.

Gw) = G(1)[1—8p°z+ (51p* —10)z" — (252p* — 84)z"] @

V.l = (42.19 £ 0.78) - 107> from B — X_.lv
HFLAV (CLN) [Vl = (39.05 + 0.47xp + 0.584) - 1077 from B — D'lv

[Ven| = (39.18 £ 0.94¢xp = 0.364) - 1072 from B — Dly
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Belle arXiv:1702.01521
Bigi et al., arXiv:1703.06124

Model independent measurements

e Hadronic tag, tag calibration with B>X v

2 F @ S00F T T T T T
§ 450f ERR: »
: . . . : . 3 ol 1§ aof :
o Signal from un-binned maximum likelihood fit to M2nss. & & ERE N ;
§ 20} 1 8 | T ?
3 200p 1 3 aof |
: S1 150é —5 - :
l 2 VMgC €reco€tag = 3 100}~ .
e+ 1112374 + 53 2310.1 3.19 x 107? 0 s 0708 06 04 02 0 02 04 06 08 1
w COS('
e 1306 + 40 1248.8 3.45 x :_0—5 g T T T amanaannas s -
- 1 28 asof x
. 1 10— 3 F 1 3 :
v 1066 += 34 1061.3 2.93 x 10 O (‘% 400 |- - :5:5:’ 300 =
5 | % 250F —4=f T ils ~t &
u, o e P e
-lqE)-I 0° data 3 20 S 1sof E
S E B B D*Iv (signal) : : ;
o [ N B—> D*Iv (wrong D/D*) Jool 100 E
H* | B fake lepton 50;— ~
102 = -S:BKIV 0710806 04 02 0 02 04 06 08 1 I R S R R N
— B Other B decays coso), %
B Continuum =0 5
B B(B — D*Te ﬂe) — (5.04 + (.15 = 0.23) x 10
10

BB — D*" ) = (4.84 +£0.15 £ 0.22) x 1077

1 BGL Fit:|Data + lattice|Data + lattice + LCSR  CLN Fit:|Data + lattice|Data + lattice + LCSR
05 0 05 Ty s oo Ty X%/ dof 27.9/32 31.4/35 x*/dof 34.3/36 34.8/39
M./ GeV? Vo] | 0.0417 (£39) 0.0404 (*18) Veo| | 0.0382(15) 0.0382 (14)

e New form factor measurements reduce R(D*) tension from ~3.5 ¢ to around ~3.0 o.
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Towards ultimate precision for B D(*) 1 v

Tag Method Dlv D* v
Br [10-2] 2.31 4.95
Errors % %
Track 1.60 1.6

Slow track 0.1
elD 100 0.2 (!n tag)
uiD 0.1 (in tag)

fake leptons <0.1 <0.1

B->D™lv, FF 0.70 <0.1

B->D"lv, Bfs 0.80 0.2

D(*) Bfs 1.80 0.5
PDFs 0.50 0.9
Tag calibration 3.30 3.6
Ngg 1.40 1.4
fo 1.1

TB 0.20 0
0 efficiency 0.60 0.5
Total 4.6 4.5
Stat 1.3 2.2

D
<O
Belle I

How do we improve B->D(*) l v further?

o Errorson tracking, PID, 10 efficiencies are data driven.

e D*Slow pion Tracking in Belle Il ~2x efficient <100 MeV.

Full B reco.
calibration error
can be improved
by choosing
cleaner modes
(low stat.
modes).

statistical errors

overall errors

+.
i
;

}

i

3

Belle PRD 93, 032006 (2016)

f

Cleaner modes

Moderately clean
High multiplicity, lower purity modes

0 0 |||||||||||||
—-D 70

—0

B —-D'n

B

LS8 R X Q Q Q
Q +h: ;l-R % Q Q Q
T Q Q > ) 1 ?
(<) 1‘ T T‘ S o
m o o @ m

4] Qm (80

» N U)'I » + ' ' (=) ' ' ' ' ' ' v 0

+ + '

Y LDy oy © '

+
U T
JU

0
B —-D’x

B —-D"x

B —D°K
B —D%r n°
B —D %z »°

B —-J/¥ K

B —-J/VYKanx

B —J/¥ K’

B —D%
B —-D’%ax
B —-J/ VYK ntn

0

B —-J/YK
B —-D’r aa*a”
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Naive Belle II projections

e Most errors cancel in LFUV measurement, 4
except for elD, uID [data driven errors] - -
; ®
® B% D* l V y C
. R L B(BO—>D*+G_VG)
o |Vep| Experiment Error: 3% > 1% e/u — B(BY=D*Tu—u,)
° Re/u: 50/, approx. > ~19% Belle 1l expectation Cai, etal. JHEP 1710 (2017) 047
1.04. ' | my[TeV)
e B>D l Vv, : ‘., ? i 5
o |Vcp| Experiment Error 3% > 1% L.02] F |
f ——— ::’. ""‘. T 4
e Reju: (6% approx.) » ~1% 8100 | - BERAE Rrh R
* ¢ | T 3
e B-oD l V 098. | ......... e , :“
» Exclusive modes never done comprehensively o o 2
at B-factories. A long way to go to eliminate this R I |
. . 07 08 09 10 1.1 1
as biason B-> D(*) Tv. .
K
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bo sll

e LHCb excellent for B » K pu+ p- and B » K+ it - but what can we learn from Belle 11?

e BRs, direct CPV, differentials, isospin asymmetries, angular analyses, time dependent CPV,
same sign (Majorana).

o B> KO ]
e |=e,, T [particularly good for electrons]

o K™ > K0, Ksttt, Ko 1T
K*0 > Kt Kstt0, K 110 [CP eigenstates]
K=Kz, Ks, K|

o BoKOIL I()=e,u, T
e B> Xsllviasum of exclusive modes, and B-tagged fully inclusive

e Additional constraints from B> Xsy, K* v

D
<O
Belle I
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B . K*1l, efficiencies of modes with neutrals

B-> Kttt I |- dominates
Other modes used for A, Acp, AAcp
B->K*(892)ee 200 events/ab-1
B->K*(892)up 280 events/ab-1

Note: excellent my. resolution!

Events / ( 0.003 GeV/c?)

S
o

Belle, Phys. Rev. Lett 119, 171801 (2017)

50

B-> K* ete-

D55 5.24 5.26 .

oF

O_—Ll_l_'-l‘llll_l—‘—l— I+_l_rl]4“ 4"1

Zi‘Tl‘Tﬂ‘T‘l—*—TT T an

555 " Bo4 - Bs6 . Bog ,
M, . (GeV/c?)

Events / ( 0.003 GeV/c?)

Pull

100

1))
o
[

o
o
1 |

i
40

% : "/"/,'IIA;'
" 5.4
€

—e—  —9

B-> K* putu-

—

¥

5.28

1

—l—r—}—l |

SNy |

Efficiencies combined
BT = (K*tnY)ete™ 4.595 +0.001
BT = (K7 M)ete 3.951 +0.001
BT - (KTn%)yutpu~ 4.884 +0.001
BT = (K7 utpu 4.203 +0.001
BT — K*(892)TeTe™ 4.161 £0.001
BT — K*(892) u™pu~ 4.426 +0.001
B - (Ktn )ete™ 13.934 +0.002
BY = (K'7%)ete 1.333 £+0.001
B - (Ktn )utu~ 23.207 4+0.002
B - (K7 utpu~ 2.606 £0.001
BY — K*(892)’e"e~ 9.693 +0.001
B — K*(892)u*t 16.335 +0.001

T I
ML &
| | | | | |

W OT T

| | |
5.24 5.26

528
M., (GeV/c?)
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http://link.aps.org/doi/10.1103/PhysRevLett.119.171801

Projection

-
e
S
©
| -
)
O

-
D)

c\/l-\
L
>

)
@)
O

V

o\

o

V
A
%
X
C

0.14

0.12

0.08

0.06

0.04

0.02

O |

0.16

0.1

Belle Il

70% data Y(4S), 6 months, slow ramp-up
),

(
—8— 70% data Y(4S), 6 months
—@— 70% data Y(4S), full 9 months

All data Y(4S), full 9 months
-4 - LHCb estimate
2017 2018 2019 2020 2021
Year

2022

2023

Projection (Feb 2018)

2024

LHCb values based on
naive run-1 extrapolation
(not official)

Belle Il scenarios due to
operating conditions at
KEK

** Consider it as a sketch
to show Belle Il can

provide confirmation of
any persistent anomaly.
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f The decay is completely described by:
6, O, ¢ and 2 = M2,
?: P —
> FpV1-Fp
2 asymmetry Ay
= of blue and red = Ss
Y

tilting angle of both decay planes

Belle, Phys. Rev. Lett 119, 171801 (2017)

2.0
l DHMV
1.5 | 9+ Belle (muon mode)
I K4 Belle (electron mode)
1.0 F - - LHCb 2015
| i =+ ATLAS 2017
0.5 1 41 CMS 2017
I i—l—l ye T
| —ed] ®
OO : —] T @ ] | 4
el :
—0.5 [ R <)=§=1 ~
| e T
| : 1
—1.0 | v I
_15 : ! ' ' AT TR SR N ' ' I AT TR N
0.0 2.5 5.0 75 100 125 150 175

> [GeV*®/c!]



http://link.aps.org/doi/10.1103/PhysRevLett.119.171801

Inclusive analyses
o B->Xs I*1: 50% of rate

> - > I
— = ! S
B" decays B~ decays ol 200 | | 0 201
(K2) K- S M 5|
K n™ (K27?) K~ n’ Ken™ 5 10:' ) 5 10p
K ntr’ (Kqn—n™) K nrn™ Ken " T + $o - .
K rnrn " (Kgn~ntn’) |K nfn n° Ken mrm™ 00 5o 5 i 530 522 524 526 528 530
(K ntn atn?)(Ken ntn at (K ntn ntn ) (Ko nin n°) My, [GeV/c’] My, [GeV/c’]
(a)B — XseTe™ candidates with cosf > 0 (b)B — Xsete™ candidates with cosf < 0
o B-sXsee 200 events/ab-1 10 9
s / z T
e B->Xsp 280 events/ab-! 051 / -
o We canincrease the number of exclusive modes ® 00 - g A %
o boms r AT
in sum of exclusives. % %
05 _
o Investigating fully inclusive approach - only - % /%
examining dilepton system. e R [ I
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B - X 1I* I- 1inclusive

B2TiP, Belle Il Physics book

Table 5: The Belle II sensitivities of the observables for the inclusive B — X ¢/ . 2.0 T I i
I _- | Belle-2 Projections: Inclusive b-»sll ]
Observables Belle 0.71 ab=! Belle II 5 ab~! Belle II 50 ab™! : /// Eiﬁfguihﬁfﬂwﬁu,.vﬁfhi%}fb BR & AFB
B(B — X, e ) (1.0 < q <35 GeV2) 20%, 13% 6.6% 1.5 ,’ Red: Exclusive Fit (arXiv:1510.04239 [hep-ph)
B(B — X4707) (3.5 < ¢° < 6.0 GeV?) 24% 11% 6.4% I
B(B — X 707) (¢* > 14.4 Gev2) 23% 10% 4.7% |
Acp(B — X 4707) (1.0 < q < 3.5 GeV?) 26% 9.7 % 3.1 %
Acp(B — X 707) (3.5 < ¢° < 6.0 GeV?) 21% 7.9 % 2.6 % i
Acp(B — X 707) (¢* > 14.4 GeV?) 21% 8.1 % 2.6 %
App(B — X 41T07) (1.0 < q < 3.5 GeV?) 26% 9.7% 3.1%
App(B — X107) (3.5 < ¢? < 6.0 GeV?) 21% 7.9% 2.6%
App(B — X 0707) (¢° > 14.4 GeV?) 19% 7.3% 2.4% i
Acp(Arg) (1.0 < ¢? < 3.5 GeV?) 52% 19% 6.1%
Acp(ArB) (3.5 < ¢* < 6.0 GeV?) 42% 16% 5.2% 1ok 1
Acp(Arg) (¢ > 14.4 GeV?) 38% 15% 4.8% 20 -15 -10 -05 00 05 15
Table 8: Belle II sensitivities of angular observables for the B — K*{*¢~ decay. Some num- CyF
bers at Belle are extrapolated to 0.71 ab™'. The number for each bin is needed for a global
fit.
Observables Belle 0.71 ab™! Belle II 5 ab™! Belle II 50 ab™!
Ry (1 < ¢? <6 GeV?) 28% 11% 3.6%
Ri (¢? > 14.4 GeV?) 30% 12% 3.6%
RK (1 < ¢? <6 GeV?) 26% 10% 3.2%
i+ (¢° > 14.4 GeV?) 24% 9.2% 2.8%
RX (1< g* <6 GeV?) 32% 12% 4.0%
Ry (¢ > 14.4 GeV?) 28% 11% 3.4%
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Belle II: b - s Loop Rare

. . . . 1G
o Wilson coefficients can be done with competitive Heop = F%b%";lg

V2
precision to LHCb over exclusive & inclusive.

2
> Y (Ci0; + CjO}) + h.c.
s )

Oy = (57, PLY) (("0)

10 i flavio vo.22.1 010 — (g’y,uPLb) (é’y’u’)%é) ]
Phase 3, release-00-09-01
~ A0 [T — T T T — T T 1
i m c o —eARL -
3 :
0.0 i :
ch-)m 30 L e e b b R _-.-
05| 20 TR
Future prospects for exploring present - CEER N N IR
day anomalies in flavour physics i :
measurements with Belle Il and LHCb, 7
_1.0l J. Albrecht, et al. arXiv:1709.10308 & 5
Belle Il physics book.
/L |

20 -15 —10 —05 0.0 05
NP pp
CQ

i
“ﬁ‘

* ]

*
BN\ T /
Sosts L4y



Exotic B- K'A’, A’ . e+e-

V' — invisible dom.

W. Altmannshofer, arXiv:1711.07494 ' N
o [ BaBar T
my = 208 MeV and Kk = 0 :- ;
107 SO S i
i —— - S\ 101’ ’ 102 101’ ’ 10° 101’ 10°
> My [MeV] My [MeV] My [MeV]
CCD) — SM+X
—2 - — T . _— : ——
— BR(B — K*X) =1.2-10"7 107 o IR ]
S BR(X — ete™) = 100% o i ee > Ay, A'— l+l-
~ \\ , Belle Il physics book
I
+Q.> 10—6 BaBar
K \
S 107 brre
T
2 .
o (\
a8
S
10_7 E141
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 104l \ | | 1
¢°> [GeV?] 10°2 101 1 10
m,. (GeV)
> ola/ THE UNIVERSITY OF
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bostt,bostlLb-sue

B*— K'tut
. o, o © T 'Babar, Phys. Rev. D 86, 012004 (2012)
b-> s T T: Extract from Eecijextra Fit in B-tagged = . |
. E 10_—‘5 é'_ e
analysis. S fEal .t :
o f 16 18 2
N g - m, (GeV/c?) 1 -
e b>stl:UseB-tag, reconstruct K and |, g
[ [ o 4_
remaining massis aT. |
o b->seu: Naively expect LHCb to dominate. D
Branching fraction | Belle 0.7 ab™ Belle Il 5 ab™ Belle 1l 50 ab™1 SM 10/ Rpw &R
B* — K*t*t | <32x1075 <6.5%x107° <2.0x107° 0.0122%x10° Capdevilla et al., arXiv:1712.01919
B — t*t | <140%x107° <30%107° <9.6%x107° 0.0022%107°
Bt —» Ktt*e- <2.1x107° .
B* — K*t*u- <3.3x107°° %
BY— t'e- <1.6%x1075 0
BO — ttu- <1.3x107°
Branching fraction | Belle 0.12 ab™ Belle 11 0.5 ab™" | Belle Il 5 ab™ SM
B, — tft | <70x104 <24x1074 <8.1%x1074 0.00773%10~4
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B - K®Ovv

o Bestlimits on B> K() vvset by Belle semileptonic tag

Events /(0.1 GeV)

Events /(0.1 GeV)

Belle I

Belle PRD(R) 96, 091101 (2017)

® BaBar hadronic === SM prediction

Belle hadronic Belle semileptonic

A BaBar semileptonic

> @
[

limit on £ @ 90% CL
=
|

1079

BR. Could be greatly enhanced in NP scenarios.

0-8 | I N\

——- Belle + BaBar B — Kvv 90% CL excluded
----- Belle + BaBar B — K*vv 90% CL excluded
—— Belle II B — Kvv 68% CL allowed

—— Belle IT BR(B — K*vv) 68% CL allowed
—— Belle II B - K*vv 68% CL allowed

0.6 -

0.4 -
N
0.2 -
7
O
= 0.0
O

—0.2 -
—0.4 -

—0.6 A

N\

. B2TiP Book, to be submitted to PTEP 2018

Ktve Kovv K*'vo K0 ntve 7w v ptuw

B decay channel

EcoL (GeV)

(c) BT = K*Tvi

08 06 —04 02 00 02 04 06 o
oy
Observables Belle 0.71 ab™! (0.12 ab™!) Belle II 5 ab™! Belle II 50 ab™!
Br(BT — Ktvp) < 450% 30% 11%
Br(B° — K*0up) < 180% 26% 9.6%
Br(BT — K*Tuvb) < 420% 25% 9.3%
Fr(BY — K*Oup) - - 0.079
Fr(BT — K*tup) - - 0.077
Br(BY — vv) x 10° < 14 < 5.0 <15
Br(B, — vi) x 10° < 9.7 < 4.5 <15
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Roadmap

(ab™)

Integrated luminosity

Peak luminosity
(cm3s™)

T LFV Discovery

Calendar Year

60
Goal of Belle I11/SuperKEKR__
50 Wr in B>py 3
40 B> n’ Ks New CP 2, ®s <\20 N/
30 Confirm B>D*tv \ B->Kvv SM
New physics Discover
20 l pny y
' Resolve Vi B>Kee LFUV |
101 puzzle New Physics
o — —mm
8
ee> () B->uv
6 ee>A" (X X) Y precision Discovery
4
2
. i l l l l l I
2%17 2018 2019 2020 2021 2022 2023 2024 2025
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Summary

e Anomalous behaviour in semileptonic B decays observed by multiple experiments -
violations of lepton flavour universality.

o Bellell equally good efficiency and resolution for e and p - and good for T decay.
e B->D(*) TvLFUV tested to 2-3%, B->D(*) | v to <1%: will measure differential spectra.
o B->K/K*/Xs|13% LFUV accuracy exclusive & inclusive: better Ee. resolution than LHCb.
o Expect first collisions in April/May 2018 ~ 2 weeks!

e Bellell physics book to appear on arXiv in May.

« J > https://www.facebook.com/belle2collab

@ https://twitter.com/belle2collab
Belle I http://live.nicovideo.ip/gate/lv312372695 (Live broadcast from April 20)
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Belle IT General Status and Timeline

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 2018 (power saving)

K :(end Feb. — mid Jd,l. 2018) :W/fu” Belle II
phase 1 &52351.. .phase 2 (MR), . phase 3
] ' - -~ -

: w/QCS .
MR renovation for phase 2, including | l TG () i
MR startup installation of QCS and Belle II : "EE Z’;Z:E 'VXD installatibn
, |
I

— :
DR installation & startup DR commissioning

—i

L " Lij L

phase 3 operation
9 months / year

S

‘————

e Phase 2 (w/final focusing Q, w/Belle I, w/ partial Si configuration & background monitors)
e Verification of nano-beam scheme

o Targetl>1034cm-2s-1
e Understand beam background and its luminosity scaling - particularly in VXD volume.
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Belle II Collaboration

o 784 collaborators, 106 in

stitutions, 25 countries/regions

i NU
Sweden s
NT
YT )
Finland Russia
Norway CE A
anaada
United i ;
(ingdom Rplmf:- .
;; Ukraine (v y -~ ] Q
) Kazakhstan . .
France Mongolia : T
~L2 Romania
. Q O Uzbekistan <. o, 2ctan
| - v o : S ~
TEBrs - United States
Lree T urkey Turkmenistan nited S e
Syri China Sout
| (unissa ' ) Afghanistan
\ \ I ra '] . — ,'*I" o
‘0 - lr.ﬂ‘l . : .
Pakistan Pacific
Algeria : Nepal Ooaan
g Libya Egypt
- Saudi Arabia Ai Mexiq
. India Q Myan ;; ;;
L Y 0 (Burmyy] p
Mali Niger | ‘
» g L , Slldal‘l Yemen Th':‘ ana Guatemala
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Rk £ Vietnam Philippines Nicara
Faso_~ 7\ | '
< 1\ / Nigeria /< P i {
. AN\ . .~ Ethiopia 2\
Ghana | | J South Sudan [ Q ______ \
Y Somalls Malaysia | Colombi
Gjb r 4 Kenya : e i
goon o AT - Ly e =45, ~ | Ecuadors
s ) DRCongo {7} T A
O |- \ o p -
N\ \ Tanzania Papua New /
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. S 1L AC
e | PP . B e o B |
Angola I " A S eru
a9 Zambia { .
 —Mozambique
e , - - 2 .“‘ l
AR~ VT |
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Botswana~> 9 p - |
/ \ |
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- ; | -z
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Track reconstruction

e Impact parameters: oqoBelle Il ~ 0.5 x 040 Babar

o Vertex: 0;Bellell ~0.5x o, Belle
o Mass: omBelle Il ~0.7 x om Belle
o Novelsilicon—dedicated tracking. Good for D* efficiencies <pr-siow> ~ 100 MeV.

: : o 1 F T :
- ¢ - - - - b
0.9 _—* o o - % ¥ | Fit function: & =\/32 eI
0.8F o® 0.9E o = c 120pp Belle SVD2 cosmic (Data) BN715
E 0.8 . El= 2 el | —=— a=26.3+04um
0.7F-ee E E s 100 | b= 32.9 0.8 um GeVi/c
T E 0-75_ ¢ E n % 80: ] Belle Il single track events (MC)
0.6 0.6 —e— =4 3 0 AN | ==me-- a=11520.1um
— — - — 'c I § § b= 179 £ 0.2 um GeV/c
O 5 :_ 055— —E _: N 60 __I‘ ................. ................. .................. ................. ................. .................. .................
M- 0_4;_ _; — — “ : : : : : : :
04 :_ 0.32— vxdtf1, std bkg + 2 y _i —: 40
0.3 2 0'2;_ vxdtf2, std bkg + 2 y _; _: 20
E 015 e
O 2 __ 1111 | I | | I | | I | | I | | I | | 111 1 | 111 1 | 111 1 | 1 11 |: _— —_ O
= O 005 0.1 0.15 0.2 0.25 0.3 0.35 04 045 05 T ° 2.4
— - D 2.2
0.1 p, (GeVic) 3 n“o’b of
E - > 1.8~
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | L ] E 16
0) 0.5 1 1.5 2 2.5 3 3.5 0 0
ppsin(0)” [GeV/c
GeV/c '
p. (GeV/c)

7 THE UNIVERSITY OF

—

oy

&9
* :
it >y
S oo

» MELBOURNE

R~



Photons reconstruction

e Beam background mitigated with wave form sampling, timing.

Phase 3, release-00-09-01
50— — T T T

. —FEwD
- e

Single y, E=100 MeV, Phase 3

1.0 — e

O [o/o]

Purity P
5
[

Efficiency ¢

02f e

O.OO A '5'0' — '1(')0' — '150 | 'o.o' | '0.2 0.4 .6I | IO.8I | '1.0

Polar angle 6, . [deg]
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BoDlv tagged Belle PRD 93, 032006 (2016)

o Signal extractin 10 bins of w from Mpiss?

N =
e Fit~17000 signal events, use hadron B tag a0 0.0126 =+ 0.0001
. 41 -0.094 =+ 0.003
o Largest background B->D* v 0 031 4 0.04
o First BGL analysisof b>clv a3 -0.1 + 0.6
a4 4 0.0 = 1.0
> 5 s o pp 5 s o % s = 5 e o 0,0 0.0115 = 0.0001
S et + — P S om — P > [ — N A -0.057 + 0.002
S 1zof 1 0sw<t 6 S a0 1 awet 42 S | N Q0,2 0.12 = 0.04
%1 %200 %300:— _L ao,3 0.4 + 0.7
|_c,|>j |_c||>j1so Sﬁ)zooz_ t ao.4 0.0+ 1.0
; new|Ves| 41.10 £ 1.14
>0 mOJ E Xz/ndf 11.3/16
Ly R L T R Prob. 0.787
Mz (GeV?) Mz (GeV?) Mz (GeV?)

o Consistent results between the existing measurements.

e Challengeis that a lot of information comes from w=1 but d I'/dw - 0 at this point




B - DOmmlv

Gap between inclusive B - Xc lv sum of known exclusive
decays

Good candidates: B > D(*)mtrt(X)lv (could also be B » D(*)nlv)
Hadronic tag, normaliseto B> D(*) l v
Unbinned ML fit

Closes exclusive-inclusive gap to about 1% (10% of SL rate).

Channel RY) _ x10°|  Bx10°

D7t~ ¢ v |71+134+ 8|161+30+ 18+ 8
D atn 0 v |58+ 18+ 12127 +£39+ 26+ 7
D%t ¢ v |14+ 74+ 4] 80+40+23+3
D*"ntn 0 7|28+ 8+ 6[1384+394+30+3
Drtn 0 v 67/ 10L 815223 L£18 %7
DrTn 4T |19+ 5+ 4108428423 +4

Events / ( 0.045 GeV )
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B - D 1v

Reconstruct B » D(*)mtlv in events tagged with hadronic B
Simultaneous fit to M(D(*)t) or M(D(*)1t) -M(D(*)), including

Background yield constrained from fit to Btag mass. Shapes

d eig(x107%) B (B — D**¢" 1y ) x B(D** — DWr®) %

0.29 -
0.15 -

0.27 4

- 0.03
- 0.02 o

- 0.04 -

0.26

- 0.03
- 0.01

- 0.05

= 0.05 -

0.27 4

- 0.04

- 0.04 -

0.07 = 0.03 4+ 0.01 (< 0.11 @90% CL)

0.31 =

- 0.03

- 0.07 -

0.44 -

- 0.05

- 0.08

- 0.06

decays
cross- feeds
checked on wrong-sign data combinations
Large rate for broad states!
Decay Mode Yie]
B- — D¢ v, 1654+ 18 1.24
B™ — D3¢ p, 97+ 16 1.44
B~ — D%, 142421  1.13
B~ — D¢ v, 137 + 26 1.15
B° - D¢ v, 88+14  0.70
B - Dit¢ p, 29413 091
B D 0", 8+18  0.60
BY — D 0 v, 142+£26  0.70

Events/(20 MeV/c?)

Babar PRL 101:261802 (2008)
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Babar PRL 101:261802 (2008)
Babar PRL 103:051803 (2009)
Belle PRD 77:091503 (2008)

B D™ ]v exclusive measurements

: : J=3/2&1/2 J=3/2 & 1/2
e Normalised withDIlvorXlv
. . . Nss [10€] 657 460
o Strong model dependence in systematics - particularly Error o o
broad J=1/2 modes. Tracking 1.8-2.4
» Highly stats limited (modelling errors can be overcome Particle 1D ° 1.21.6
N o diff tials) m & y Eff. 0.2-4.8
y measuring differentials MG stats. 1 stat _
B Comb.&Cont. - 0.2-10.4
> 7 - Helicity corr.
A, | i 4.5-13.8
5 04 =~ D,° Signal model 12-22
S 02 : PDFs 0.2-8.7
0 : ""1 Nas : :
0.6 a D(*) Bfs 0 3-4.5
0.4F C Norm 4-6
0.2 2 | Bkg 6 -
0 W NS A total sys 14-25 5.5-17
" A total stat 14-40 10-20
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B N D* -V Wlth hadI‘OIllC tag, T _, 1 AVAY, M. Huschle, PhD Thesis (2015)

Belle PRD 92, 072014 (2015)

Signal/Normalisation separation o B> DT*Vv:320+50(stat. - approx.) events
based on NB classifier and M2yjss

o B->D*T1*Vv:503+65 (stat. approx. ) events

e B->D**lvnotdirectly constrained. (includes feed-down to D channel)
M2 > 0.85 GeV M2, 2 GeV Un-subtracted g2 distributions
MISS .
£ 2 . % e |
L B— D*lv Ll B— D*lv ® ~
i B B—> Dlv 1201 Il B— Dlv 355
20 I other BG - I other BG
I B— D**lv 100_—jf i B— D**ly 30
15 i 25
20
10 15

4 5 o6 7 8 9 10 11 12
FIGeV?]

Events
events
N DN
OO N
I

4 5 6 7 8 9 10 11 12
FIGeV?]

Lyon 2018, Belle Il Phillip URQUIJO



Background calibrationin B-D*Ttv,T - TV

Hadronic modes where one particle is lost, mimics signal v

o Analyse Btag + Bsignal in hadronic mode & compared to MC (table)

o Highly statistics limited - largest systematic error in T>1 v analysis.

Phys. Rev. Lett. 118,211801

KLModes e.g. B> D* m KL and D* KK, are large background, corrected with MC. Better KLip at Belle Il

may help.
% 14 B'—)D*On'n
O -
LD 12__
S -
S 10
= -
~~ 8__
(D |
S 6F
D -
LL] 4:__._
2F i
N T ! ! ! ! L
54 505 526 527 528 529
M, . (GeV)

TABLE I. Calibration factors used to correct the hadronic B
background rates in the MC simulation. The errors arise from
the calibration sample statistics.

B decay mode

o

BO

D*r~m n™

Dr nm nt Y

Dt n a7’ xY

D*7 7Y
D7~ n%xY
D*r™n

D*7T_777TO

< 0.51
03177

y —1.60
0.0619:33
0.097 565
0.2479-24
0.74%5 73

0.627557
0.597 550
2.60159]
< 0.47
1.6370 &9
0.1579:1%
0.897 5 %
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T > 37TV

o At Belle we did an analysis of 1-prong T decays

e Wedidn’ttry > 3 1tV because

e Br(t>mv+pv)=36%

e Br(t>31mV)=9%

e Analysis of T> v was already low in purity.

e T->3mvVislesssensitive to Pt(D*) which was the main motivationt>TmVv
e« However 1> 31V may be more interesting at Belle Il

o Bellell has better vertex separation - expect O(40 um) precision on T Vix.

o Access CP-odd observables. M. Duraisamy and A. Datta, J. High Energ. Phys. 09 (2013) 059
K. Hagiwara et al., Phys. Rev. D 89, 094009 (2014)

Signal B - D**¢v
Vr D) V; D™
N | N~
b %f b \V
\ l, / T
/T I d = ¢ or m from D**
d="%/n

For 3m, just use vertex

Lyon 2018, Belle Il Phillip URQUIJO



B - uv (Light lepton LFUV tests)

e« B> uvuntagged result finds 2.4 o significance, compatible with SM

SM prediction
B(B — uv) = (3.80+0.31)-10~1

2 2
T
(1 f) FelVu|* 7B

mpg

Entries/(50 (MeV/c))

Entries/0.04

-2.22 +£1.60) x 10~ 1




Fragmentation challenge, c.f. B - X5y

Rely on PYTHIA for inclusive modelling - requires large in situ corrections.

Xs mass distribution is different in B> Xsy and B > X [+1-

But we can use B > Xs y data to measure fragmentation as a function of Mxsand feed back to B > Xs |+l-

— NN W
N O WD

BF/0.1 GeV/c? (10)

10

06081 1.2141.61.8 2 2.2242.62.8
M, (GeV/c?)

S

Mode Category

Belle, Phys. Rev. D 91, 052004 (2015)
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Definition
K7 without 7° 4.2-
K with 7" 2.1
K2m without 7° 14.5-
K27 with 7°  24.0-
K 3m without 7TO 8. 3_
K3m with 7°  16.1
KAar 1
K27 4.4-
Kn 3.2
3K 2.0
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