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* Analysis strategies at B factories

* Recent measurements

« Systematics overview

» Reconstruction methods @ Belle |l
* Naive prospects @ Belle |l

* New physics probes



E signal mode
y B(B — DY rp,)

R(D™) :[B(B = D(*)M)J

t= (e, p)

iy normalization mod

« W coupling to leptons is universal in the SM

- A charged Higgs would couple more strongly to the t
lepton and produce an enhancement in BR of B decays
that involve a t lepfton

« Ratios R(D(*)) eliminate many sources of systematic errors
for experimental measurements and theoretical
predictions







.« e+e- — Y(4S) — BB : very clean and
well-known initial state

Reconstruct one of the B mesons in
the Y(4S) event (B tag) fo gather
Informafion about the B decay of
interest

Hadronic B decays:

PRO: full B reconstruction, high purity
CON: low efficiency

~5000 channels

Semileptonic B decays:

PRO: high efficiency

CON: one missing neutrino, low purity
~100 channels
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Tagging is done using a
hierarchical multivariate
analysis approach

The B tag signal probability
depends on the signal
probabilities of all daughters

The last fagging algorithm
developed by Belle Il (FEl)
shows large improvement
W.I.tT previous methods

« Can also be used on Belle
data |
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* |n past measurement: cut-based
e Future measurements: BDT-based (FEI)
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In past measurement: cut-based
Future measurements: BDT-based (FEI)

D 0
log, (sigProb)

fake D

feed down t

feed down |

w
\!
O
A
<

w
l
O
<

¢ (truth/fake)

Algorithm
FEI

Experiment B+
Belle 1.80% 2.04%
Belle Il 1.45% 1.94%

— FoM

- Fake

— Signal
.

T e

-3.5

3 25
min(log, (sigProb))




I B— D¥*tv
2160 D+ ‘e_ B B— Dtv
I B— D*1lv
140 BE B— DIv
I other BG
Bl B— D**1lv

* Leptonic T decays

2 .
« Use m i to separate signal B
— D(*) T v from normalization

/L(? M?n?s'je.ev;/)ﬁ) : o' B — D(*) | V
b %500 *% C
T D° e_ (5500 9 9 9

8 e - ii Myiss — Py = (pe+e_ — PBtag — pD*E)
L * Train and fit signal MVA[NB]
Q | on high m?yiss region, based
= oo *on:EecL, p*e , M?missand

. Snooae | & 7T
N . ouner G % others
@ B s D=1y ) :
N - D¢ modes with higher
s
2l background levels due to

N _—— e

0.6 0.8

M2, (GeVZz/c?) - e’ “feed'down" frOm
D £~ | & B —(D* — D slow ) ¢ v

R(D) = 0.375 + 0.064 + 0.026
R(D*) = 0.293 + 0.038 + 0.015

I+

0.6 0.8
MZ, . (GeVZ/c?) ong'




e Measure only the clean B® - D*" |” v

 No MVA tagging algorithm, reject signal Iin tag
by choosing -1 < cosbg p+ < -1

* |dentity signal (normalization) as B candidate
with lower (higher) cosBs p+
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Figure 3.1: Distributions of the NeuroBayes input parameters for signal (red) and nor-
Sign al malization (black) events : atan(cos 0)5%,.,) (left), M2, . (center), F. (right). For visual-
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« Discriminate between signal B —
D(*) Tv and normalization B —
D(*) | v using MVA based on (m?Zmiss,

COSOgy, Estag *+ Egsig)

Events / (0.0666667 )

« Signal extracted with fit to the 2D
plane Eect-Ons

PRD 94, 072007 (2016)

R(D*) = 0.302 + 0.030 =+ 0.011

Events /( 0.05 GeV)
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Sources 't =e, p R(D)[%] R(D”)[%]
MC size for each PDF shape 2.2 D)y shapes 49 1.5
PDF shape of the normalization in cos 0p_pxy J_“éj(lj D** composition 1.3 3.0
PDF Shape Of B — D**El/g tig Fake D y1€1d 0.5 0.3
PDF shape and yields of fake D) 1.4 Fake / y%eld 0.5 0.6
PDF shape and yields of B — X .D" 1.1 Ds yield 0.1 0.1
Reconstruction efficiency ratio enorm /Esig 1.2 Rest yield 0.1 0.0
Modeling of semileptonic decay 0.2 Efficiency ratio f” " 2.5 0.7
B(r~ — ¢ r) 0.2 Efficiency ratio fDO 1.8 0.4
Total systematic uncertainty R Efficiency ratio f£f*+ 13 925
Efficiency ratio f£;0 0.7 1.1
. CF double ratio g* 2.2 2.0
- DOmanTed by: CF double ratio g° 1.7 1.0
Efficiency ratio fwc 0.0 0.0

* 3k 1
* B->D* | nuuncertainty M2, shape 0.6 1.0

/

5o oxp Shape 3.2 0.8
N MC STOT'STICS fOr PDFS Lepton PID efficiency 0.5 0.5

Total 7.1 5.2

» efficiency ratios (for R(D))




« Statistical UncerTOinTy ° Sysfemgﬂc Uncerfqinfy

 Signal efficiency -> higher
soft 1 efficiency, higher
tag efficiency

* Modelling of
semileptonic B decays
(form factors, branching
ratios), especially B —

« Background rejection
J ) / D** | nu

purity -> Better lep vs i PID
at low p (tau-> | nu nu),
better D(*) mass resolution,
better treatment of

« MC statistics for PDFs

missing/neutral particles in * Detector mo.d.elling =
vertex fits for B/D(*) fake lepton ID efficiency and
rejections fake rate



Model dependent analysis (type-ll 2HDM)
« kinematics of the decays depend on NP model and its free parameters
* different in kinematics — ditterence in efficiency and fitted distributions
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Model dependent analysis (type-ll 2HDM)
« kinematics of the decays depend on NP model and its free parameters
e different in kinematics — ditterence in efficiency and fitted distributions
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R(D*¥)

Model independent analysis (type-ll 2HDM)
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(h) Si-type leptoquark model.
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Model independent analysis (type-ll 2HDM)
examine the impact of each operator
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« The t polarisation depends
on the mediator —
sensitive to NP

- Two-body hadronic t
decays (t— v, pVv) used
to measure the T
polarisation

New independent

PRL 118, 211801 (2017)

measurement of R(D*)

W rest frame

I+ —T-
P.(D*) =

F:

- =decayrate of B— D*t v
with helicity of £ 1/2



Backward (c0S6he; < 0) Forward (coS6he >0)
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Source R(D™) P, (D)
Hadronic B composition fg:g;‘i e
MC statistics for PDF shape fé:gé T ol08
Fake D* 3.4% 0.018
B — D™ (" iy 2.4% 0.048
B — D*1 i, 1.1% 0.001
B — D*{" iy 2.3% 0.007
7 daughter and ¢~ efficiency 1.9% 0.019
MC statistics for efficiency estimation 1.0% 0.019
B(t— =7 v p vr) 0.3% 0.002
P, (D™) correction function 0.0% 0.010
Common sources
Tagging efficiency correction 1.6% 0.018
D* reconstruction 1.4% 0.006
Branching fractions of the D meson 0.8% 0.007
Number of BB and B(Y(4S) - BTB~ or B'B) 0.5% 0.006
Total systematic uncertainty fé%%% To16

TABLE I. Calibration factors used to correct the hadronic B

> 14E B oD
8 14 - B'—D"mm background rates in the MC simulation. The errors arise from
0 121 the calibration sample statistics.
3 10F _
S 8:— B decay mode B~ BY
o D*n m < 0.51 0.6275-57
§ 6 D*r n ntal 0.3119:38 0.591035
W gE D*r~n~rta0x° 215770 2.60755°
oF D*r~7° 0.0619:32 < 0.47
v D*rn~ 9" 0.0975 o4 1.6370-72
— e * __— . .
824 525 526 528 529 D*ry 0.24+0:21 0.1575:15
M, (GeV) D~ nr® 0.7410.72 0.897 00




" |-~ Data

Il Signal
mB’ > X,
X fixed BG

« 72% of T branching ratio ([t — Ivv, m

Events/0.15 GeV

vV, 0V )
© « Hadronic tag to constrain signal side 5%
— 58
2 » :
— + Event selection through signal BDT, ’ St my Eee[G6V]
§ M2miss (reject B — wl v ) and tag
8 QUG“TY Source Relative error (%)
R Particle ID 2.4
8 Track_ efficiency 0.7
~ * Extract signal through fit to Eect Pt i
1 1 1 BG B 2.8
- distribution e e
|Vub| 2.8
Rare processes 2.0
. . _ B — XyTtv 2.2
90% CL upper limit: BR < 2.5 x 1074 Background 0.2
Signal model 1.8
Total 8.3

Agreement with SM
~ 1o/04/2018 @ GiacomoCaria  University of Melbourne =~ 22
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'1 > C
- KEKB: accumulated 1 ab ~ at Y(4S) 2 % Targetof Belle [/SuperKEKB
.é-,._—- 50%
» SuperKEKB: £
E = E_ 9 months/year
105_ | | 20 days/mcl)nth
» 40-fold increase in luminosity over g a0 g o
KEKB 5E &
x & ,fPhase-1  Phase-2 Phase-3
d(.‘é %5_) — _L,—-)——/ P P P | )

. collect 50 ab™' by 2025 year

muon
detector

« Belle ll;

» upgrade all sub detfectors except e .
for ECL and part of barrel KLM oampr2 0 entitcaton

- expect similar/better performance  osser<

4 layers DSSD

w.r.t. Belle, despite much higher central

drift chamber
background levels
The Belle |l detector




e reconstruction based on CDC frack + ECL cluster

- e from 1: low momentum — low efficiency e os0eay
0.03 S tanB/m:+=0.50 [GeV
—— tanp/m . =070[GeV

- Small radius in B field doesn’t reach ECL 0.02 —— tonm, - 100TCeV

0.01

« Only muons with p > 0.7 GeV are able to reach KLM
and have good p/m separation

0.0 0.5 1.0 1.5 2.0 2.5
p,[GeV] in cm frame

« Work in progress for improvements @ Belle li
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« 2X Improvement for vertex fitting,

w.r.t. Belle

« Mass resolution is improved by
vertex fit — D and D* selection

(-25%)

« Under development: Treefitter,
helps with decay trees with xi°, Ks
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Errors @ Belle ||

- Current measurements are statistically limited
« Dominant systematics from:
«  MC statistics — larger at Belle |
« limited knowledge of B ->D** | nu and B-
>D(*) Xc bkg — dedicated studies with
large data sample at Belle |l
- Study kinematic distributions, polarization

(6.0 +/-3.9)% (2.0 +/- 2.5)%

(3.0 +/-2.5)% (1.0 +/-2.0)%

0.18 +/-0.08 0.06 +/- 0.04
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e Currently very hard to compare signal observables due to
imited statistics

* Expect improvement with Belle |l luminosity
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» Both fagged and untagged measurements report

significant improvement in reconstruction
efficiency (~ 2x)
« Measurements will be systematically limited at Belle

Il statistics

" Rn(5ab") = 0.64 +/- 0.23
|
}!

 Rn (50 ab-1) = 0.64 +/- 0.09




Conclusion

« B factories have discovered anomalies in b — ¢ tau nu, buf
also b — u fau nu can be probed for charged Higgs effects

- SuperKEKB will have a 40-fold increase in luminosity w.r.t. 1o
KEKB, Belle Il expects improvement tor reconstruction

hardware and software sides

* A new BDT-based tagging algorithm with higher efficiency
will be used on Belle (ll) data

« Lepton efficiency and pion background rejection, together
with mass resolution for D(*) are key reconstruction fopics

» Expect much higher statistics for observables that are
fundamental fo distinguish new physics

10/04/2018 Giacomo Caria University of Melbourne 29



