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Belle II — Physics WG

» Belle Il physics activities recently distributed over 7WG

Physics scope of Leptonic, SL and Missing EEWG
Inclusive and Exclusive Semileptonic b = c,
b—>u transitions:Vub,Vcb, New physics.
Semileptonic b = c and b = u transitions with
T leptons
Charged leptonic decays, B 2 e/w/t v
Neutral leptonic decays,B® > tt B 0> Tt
EWP with neutrinos,B > K®vv,B > vv

Lepton flavour and number violating decays, B
2l
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Belle Il Physics WGs

1.

Semileptonic and Missing
Energy Decay

Electroweak Penguin
Time Dependent CP Violation

Hadronic B Decay (time
integrated methods)

Y(nS)

Charm and Charmonium

. T and Two-Photon
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Identify signal of New Physics
From Phys. Coordinator at 2014 BPAC

Precision tests of quark New Physics FCNC & mixing
interactions l=e, “DNA Chip”
<<

e = b t/t :
b u,c ga== |
> Vub. =y w+/H+: .
| d , < | I“l_' e-

New Phenomena in rare

Search for lepton flavour

Test Analyses : : _
decay processes Y violation (neutrino mass...)
b l=e,u, T Y
Vub 3 Vi"'/_H"'_ B x_/ > R\
/ \
u ") T \ — ! e
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Leptonic B decays

B .
b WH
B+

Vq

» Very clean theoretically, hard experimentally (weak signature)
» SM contribution suppressed by helicity
» Sensitive to NP contribution (charged Higgs)

2

m
B(B —lv) = m; (1 — —l)2f%|vub|2TB
8 m% 2
B(B — lv)eppy = B(B — lw)sy x (1 — tanzﬁ%)z R™ = I'(B—=ev)
H I['(B— V)
Belle Il can also test lepton flavour universality - R _ I'(B— uv)
I'(B—1v)
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B -2 tv measurements landscape
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Sensitivity outlook

» Expected uncertainty for B = tv 3% - systematic dominated

How much of the syst. uncertainty is actually irreducible ?

B-factories
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Belle, semileptonic tag: 1.54 ..: -
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Leptonic SM level
For muonic mode
reachable

We will observe
Also radiative
modes
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Vub measurement

» To observe NP, we must precisely know SM contribution.
For b = u transition accurate measurement of |Vub| is needed
inclusive and exclusive measurements in “tension”

Theoretical or experimental problem? Or just statistics?
Belle Il will settle the argument

|V, | averages [1073] Belle Il extrapolations

Statistical Systematic Total Exp Theory  Total
(reducible, irreducible)
% % { |Vus| exclusive (had. tagged)
; 711 b 5.8 (2.3, 1.0) 63 8.7 (2.0) 10.8 (6.6)
5ab~! 2.2 (0.9, 1.0) 2.6 4.0 (2.0) 4.7 (3.3)
, § i 50 ab~? 0.7 (0.3, 1.0) 1.3 2.0 2.4
|Vap| exclusive (untagged)
’ ‘} 605 fb—1 2.7 (2.1, 0.8) 3.5 8.7 (2.0) 9.4 (4.0)
5 ab~! 1.0 (0.8, 0.8) 15 4.0 (2.0) 4.2 (2.5)
> . < { < O e 50 ab~? 0.3 (0.3, 0.8) 0.9 2.0 2.2
< S é{\\é'e Q& & (,(’0 VQQ |V inclusive
& 605 fb~! (old B tag) 4.5 (3.7, 1.6) 6.0 2.5 6.5
\ J | J 5 ab~1 1.1 (1.3, 1.6) 2.3 2.5 3.4
! ! 50 ab~! 0.4 (0.4, 1.6) 1.7 2.5 3.0
From CKM fit inclusive
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Semi-tauonic decays

B> D*tv/B-> D*|lv >3 0 above the SM prediction

Babar Inc. 2008
0.42+0.13
Babar Had. 2012
0.44+0.07
Belle Had. 2009
0.59+0.16
Belle Inc. 2010

0.34 + 0.1

Belle Average
0.43+0.09
Private W Average
0.436 = 0.056
Babar Inc. 2008
0.30+ 0.06

Babar Had. 2012
0.33+0.03

Belle Had. 2009
0.47 +0.10

Belle Inc. 2010
0.38 + 0.08

Belle Average
0.41+ 0.05
Private W Average
0.351= 0.026
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BaBar results extrapolated to Belle I

fb-1 Statistical Systematic Total
R(D) 423 13.0 (9.6,1.3) 16.5
5000 (3.8 (2.8,1.3) 5.2
50000 1.2 (09,13) 2.5
R(D*) 423 7.0 (6.5,1.3) 9.0
5000 2.1 (1.6,1.3) 2.9
50000 0.7 (0.5,1.3) 1.6

From 16.5%
to 2.5%

From 9% to
1.6%
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FCNC transition with neutrinos
B->hwvyv

» SM level out of reach for Belle and BaBar. Expected to be
at the limit of sensitivity for Belle II.

» Scaling Belle results (just with had. Tagging) 100 signal
events and 20% accuracy on BR.

>400 50 x Belle luminosity
- SM signal 8 Entries 1000 + + —
(3350 assumed B+—) K+ VvV g 305: [ i B - K VYV
Ss00 ¥ w22 Ny ~ 100+30
50 Ny =91.5+322 | 8% . g
=% fal scahng from new Belle result
= 5 | . . -1
}:00; - . l’ } ' evidence with 50 ab
50 - E |
- 2 ]‘ (had.tag only)
50=... o
N : Ro6"50 'ol'j 50 100 150 263 250 300
O 0.2 0.4 0.6 0 8 1 0 1 3 Fitted number of signal events
o [GeV]
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Working group activities
(in preparation for data taking)

» Sensitivity/feasability studies

Update the existing extrapolations to Belle || with current Belle Il
simulation

|dentify the systematic effects that may become dominant and develop
strategies for improvement

Check and extend MC generators when new measurement or new
physics model become available

» Common tools development and physics validation

Feedback to sub-system reconstruction experts studying performances
on physics modes
Contribute to the development of physics analysis tools

Ex:Tag B reconstruction & missing energy tools

Definition of Particle ID and tracking criteria

|dentify data driven methods to calibrate reconstruction tools relevant to the WG
physics

|dentify physics motivated content of mdst.
Definition of physics skims (they will be run centrally)
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Available tools

» Physics Analysis Software is starting to take shape
We just have defined the first osTobiect | Physics object | Comment

. Tracks e, u, ™ K,p v
version of the mdst. PIDLikelihood | e,u,m K,pIDs | ¥
ECLCluster Vs 7° \/
Vo KA,y —eTe” %
KLMCluster K? / (only endcap KLM)
Module Physics action
ParticleLoader creates Particle(s) from MDST objects
. . ParticleSelector applies cuts on existing Particle(s)
and Of baS|C ana|y5|s (over 50 functions/variables already supported)
I ParticleCombiner performs combinations
tools ParticleVertexFitter kinematic fitter
MCMatching MC truth matching
NtupleMaker creation/filling of flat ntuples
RestOfEventBuilder determines remaining tracks/ECL/KLMClusters
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B tag reconstruction

» Essential tool for this
WG

Core code for

hadronic tagging
developed by KIT

group
» Have to produce
calibration and
validation samples

» Study of the related

stagc o

SI:!SC i

stage 2

systematics

uncertainties e
» Semileptonic tagging | »

missing

Perform multivariate classification at each stage (and per decay mode).
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Recoil Physics

» Basic functionalities available (extra energy, missing mass..)

A lot of room for improvement and new features...

Extra Energy In the ECL not assoclated 10 the BtagBsig pak
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Conclusions

» Belle Il Physics working group recently established
Real work (meeting, tasks) not yet started, though.

» Leptonic, Semileptonic and Missing Energy WG physics scope
include many key measurements in Belle || program

» Belle Il software reached a status that allows realistic physics
studies (no more extrapolations of BaBar/Belle)
Utmost importance that further developments in be driven by
physics
Feedback to detector experts based on impact on physics
Requirements on computing/software based on physics needs
Data taking is not that far. It’s time now to start building up the Belle
Il physics program
» Many opportunities to contribute from tools development to
feasibility studies/physics analysis
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