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Time Dependent CP violation in a nutshell
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Motivations
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Needs everything!

. 0 . .
@ exclusive B signal reconstruction;

> charged and neutral particles
» PID
> vertexing

o Flavour tagging of Botag;

@ Measure Az

Physics motivation
@ determination of ¢(f)
@ measurement of ¢,(«)

@ sensitiveness to New Physics

Acos(AmAt) + Ssin(AmAt)
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Some definition (NN
T Acp B) Scp
B £ B |{3>—’# 1f) /’ |fep)
N By—>1f) ‘e

0 0
Direct AZ2"S = 0, Mix-induced SZ2*S = sin(2¢,)

°
o FT is possible only for a fraction of events: efficiency e (very high, € ~ 99%)
@ a fraction w of them is wrongly classified

PO%(At,q,e,w) = ¢ [(1 - w)P*E(At, q) + wP8(At, —q)]

oAt/

= 6{1+q(1—2w)-[nCPSCpsin(Am ) + Acp cos(Am )]}

e q is flavour, ncp = £1 is CP final state; 7, Am from PDG

@ r = (1—2w) is called dilution factor

J
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¥ Statistical significance !

Belle I
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e
N = 5(1 - W)N + e NA{)
BO BO U B

N;)g =¢(1- W)NE(] + ewlgo

N — N — N
AsymO (At = B gy e N
NS + N§ Ngo + Neo
B B
. g obs
o Stat uncert on Asym® is O poymd = 28—
_ pJtag tag . tag . ptagy. 1 1
o If Nyyg = NBO + NEO , with small asymmetry (NBO ~ NEO ): O poymets X e x ==

1
Eeff

; 1
"] O'AsymO = O'SCP = SIn 2¢1 XX ﬁ =
o effective tagging efficiency e 4 = er’

the statistical uncertainty on Asym0 of a sample of Ng candidates, with tagging eff ¢ and wrong tag
probability w is equivalent to that of a sample of .4 Ng with perfect tagging.

J

J
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It is more complicated than this . .. !

C

The wrong tag fraction is typically different for B® and B® Aw

We typically use many tagging categories (13 today in Belle II)
> Eeff = Zi5i<ri>2

@ the best sensitivity on S¢p is obtained form a UML fit to data
7’} =7 (Afi70iAta7IiCP) H Qk,j(Xfi)
K \W—/

time integrated

1+16x7
as before for Scp = 0.

12X’ S¢
€effzz,-5,-r,-2 <1+X’r’CP , with X,':Am/r,'

Cahn[2000],Le Diberder[1990]]

For large Scp ~ 1 can be as large as 60% '
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D )
How do we Flavour Tag an event? INEN
o Full reconstruction of signal side. Eg. B® — J/ng or B® — (;SKg or ...;

Perform full reconstruction of tag B (Rest Of Event: all that is not signal side);

Large fraction of B decays is flavour specific, namely can only be reached through a decay of b quark

or via a b quark.

> eg B® — D*7£+Ve the charge of ¢ identify the flavour of B, as long as ¢ is coming from B® and not from
secondary D decay

> So we need to identify the £ but that is not enough.

» Need to look at kinematic variables to understand if from B® or from D (using MVA technique)

But so many B° decays are possible that also inclusive technique are also used

[

In Bellell we use 13 different categories, both inclusive and exclusive.

Very important!: Flavour Tagger is candidate-based (not event-based!)

> If you have multiple B*# reconstructed in an event (eg decays into neutrals
B” — /(= n(= yy)7 7 )KS(= 7'7°))

> you have a different ROE for each candidate

» and a different flavour tag for each candidate
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¥s] [lavour Tagger categories !

Belle I
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Categories ‘ Targets ‘

Electron
Intermediate Electron e
Muon Dt K-
Intermediate Muon 7
KinLepton
Intermediate KinLepton A ™ (K7)
Kaon K~ . v,

KaonPion K-, ot B’ ¢
SlowPion ot
FastHadron m, K
MaximumP T

FSC Lt X
Lambda BY ™ .
At 4[

| Tota|: 13 ‘ c Sa

1 B/J -t
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Leptonic Categories !

C

Input variable: p_CMS

o Can be primary (b — ¢/ v)

@ or secondary (b — ¢ — s€+1/) leptons, with opposite charge

@ Separate primary from cascade leptons using p and py spectrum % "
(harder for primary) 0
@ other variables: o
» Ey: energy on the hemisphere defined by direction of virtual W boson. o IO

. d cos 6}, g
> Pmiss @nd COS U pjss 0
* .
> cosft angle between ¢ and thrust axis of B”,,, J———
> M,econ inv mass of the recoil system

@ considerate separately Electron and Muon

(I/N)dN /0,131

o if identified as cascade, IntermediateElectron and
IntermediateMuon

@ inclusively in KinLepton and IntermediateKinLepton

TPPPT Y PIOY PYY PPOY FOPT IO PO

UJO-flow (5,8):0.0,0.0)%/ (0.0,0.0)%

> of course inclusive and exclusive categories are strongly correlated.
» still inclusive categories improve overall performances ot
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Hadronic Categories INFN

(%
o Kaon e KaonPion
» Dominant decay B — D(—> K_X)X tag from K » Correlation between slow pion and kaon
charge. .
o MaximumPstar
» K multiplicity 0.78 4+ 0.08""° e by looki X i
> right(wrong) sign K is 0.58(0.13)/"" e slissés] > very inclusive tag by looking a.t charge o the
» very powerful source of tagging info! highest CMS-momentum particle in the ROE
* considered also n o in ROE > such as from hadronization of W or leptons

> high £ & 100%: fails only if no tracks in ROE

* Kg from b — cCs decay or s § from gluon > £+ Not as good
e .

splitting
* other kin variables as for leptons e FSC
» combine the three K with highest q - r > Inclusive tagger using correlation between fast
o SlowPion (MaximumPstar) and slow (SlowPion) particles
» 7% from D** decays. o Lambda
> same variables as Kaon » From b — ¢ — s decay, A — p7
» cos % particularly powerful > clean tagger but with low &
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Categories

Discriminating input variables

Electron 2 w
Int. Electron ‘Cev P*, pt*v P, Pt COSH, d07 ‘ | Mrec7 E907 p:']issa Cos 0::11557 COos G:Ik'v p_Val'
Muon 2 w
Int. Muon E/u p*7 p:a P, Pt COSH7 dOa |X|a Mrecv E90a p:\iSS? Cosa:wissv Cos 9%‘-, p—val.
Kin. Lepton * * 2 w * * *
Int. Kin. Lep. ‘Cev ‘va P 5 Pty P Pt C059> dOv |X|a Mrem E907 Prmiss» Cosamissv cos 9T7 p'VaI-
Kaon LK’p* p:apv Pt> COSQ dOa Xan Ovzpt7
2

Mreca E90a meSS7 cos emlssa cos 0Ta

Slow Pion ET{‘? L:e*a ‘CK7 p ) pt7 P Pt COSG, dO? |X|7

Fast Hadron

z : 2
anv pt7

2 w * * *
Mrecv E9O » Pmiss; C€OS 0missv cos 9T7 p'Val-

Kaon-Pion

¥
[’Ka YKaons YSlowPion>s COSHKﬂ) qPK “dr

Maximum P*

P, P, P, Py, do, |x|, cosbr

FSC

KSlows PSlows PFast; €OSUT slow: COSUT Fast: COSUsiowFasty GSlow * GFast

Lambda

E3 E3 E3 ZZ
£pa £7T7 PAs PAs pp7 Pos Prs Prs Ans M/\7 ana Cosax/\,p,\a |X/\|7 Op p—val.

Five particle lists: e~

w ,K,m,p (A from p and 7).

200 variables, each computed once for each particle: exclusive 108 variables
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Category tagger: procedure

Starting info: Objects in the Tag Side
(ROE)

possibly also from other categories (eg
KaonPion)

MVA (FBDT) to determine the tag
flavour and tag probability

Yeat =q-r € [_1a 1]

might have different target for each
category (eg different K or £)

» consider that with higher y,,;
Training of MVA on B® — J/iyK2

S.Lacaprara (INFN Padova)
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KLMClusters ECLClusters
"""""""""""" Example Category
0
Y
Tnput Yeat Ranking and
—> Vi np:ll . —>| Event Level - Selection
ariables using yeat
e, K,m, A
LY
'
'
Year Of other
Categories
- Geand * Yeat
Or (eand * Yeat)w

Yeat Tor each category is then passed to the Combiner which
return a single value of g - r for each candidate.
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Combining all together b

(Tracks) ECLClusters q-r
v Qtrack * Yeat
L.
©

[ KinLepton | |
KinLepton 05 = 1 - = T ”::
(Ghencte * Yoaug) LTI (Grnc - Youy ) Mo58F
g
E -
8 0 T 0
8 B :f./‘ '\..,h_‘ B
B 3 B

i
i‘u' [f+ .1
[ 1
1|
f t
/ .
(g Yeat ) —0.5 0 0.5 -1 —05 o 0.5 1

Y
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Performances with MC9 (release-01-xx-xx)

rel01 with MC9 BGx0

Number of Events/ 0.02

150000 —:— Both
N
B

(g r)rspr

(q-7)uep
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rel01 with MC9 BGx1

—-— Both
_—— R
fi z

(g - r)rspr

—— Both

—_— B
BU

H.I' 1, CEff =

F % 30.84%
. /

n

(g e

FBDT used as default, FANN (MLP) as a cross check
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¥ [ffective efficiency €4 calculation

Belle I

Number of Events/ 0.02

300000

250000

200000

—

0.5 0.625 0.75 0.875
TFBDT
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Binning = correction
with real data!

Efficiency:
eeff = 2 &+ (13)”

™C — 1-2. wmMc

Calibration: rpc linear to

T Output
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Linearity wrt MC truth (NEN

rel01 with MC9 BGx0 y rel01 with MC9 BGx1
£0.75
) o}
105 105
I
2025 £0.25
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% 01 05 05 0.7 1.0 % 01 035 05 0.75 L0
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105 1o
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Flavour Tagger with Belle (B2BII)

rel9 with converted Belle Dat
1200F

Events / ( 0.00095

Events /( 0.0202 )
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m Splot performed with
converted Belle data using
Mpe as discriminating
variable.

m Full Belle 0.8ab™1
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Flavour Tagger with Belle (B2BII) e

m Belle Data distribution weighted with splot output variable
(signal component).

w125 + Data ~ 125 + Data

= --m MO g = -—-- MC

FLO0j: b S 1.00

=t 1 1 =1

B 1 | 2

£ 0.75) .'EH;. i &2 0.754 B _ﬁ
i By R . I ﬁ' I i

“50 [}H' + H*’-* £l J} “5() ()H{l + + I *'t-d» + i

= 0.500 % + = o bt | = 0.50) + s &

2] Fep e Pyt R A "G

£ 0.25) ] £ 0.25) }

" I 1 N | [
I 1 | |
WL ).

i 05 1 L 05 1
(g - r)rBDT (g -7hwp

m Nice overlap of converted Belle MC and data ©.
m g = 34.2% on converted Belle MC (Belle ~ 29%) ©.

m Deep neural network flavor tagger reached 34.4% on
converted Belle MC.
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D .
¥ Example and documentation !

Belle I

C

o Belle2 Starter-Kit
» Confluence
> stash
» We will go through B2T_Advanced_3_FlavorTagger now

Tutorial script

> analysis/examples/tutorials/B2A801-FlavorTagger.py

o Tutorial for use with B2BII converted MC or data:

» analysis/examples/tutorials/B2A801-FlavorTagger-BelleMC.py

@ Training and validation plots performed at kekcc with the script
flavorTaggerValidatorInParalell.sh in
/home/belle2/abudinen/public/releaselValidationScripts/

» Example if you want to train by yourself

Confluence page:
> https://confluence.desy.de/display/Bl/Physics+FlavorTagger
o B2TIP report
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https://confluence.desy.de/display/BI/B2-Starterkit+Oct-2018+Agenda
https://stash.desy.de/projects/B2T/repos/b2-starterkit/browse
https://stash.desy.de/projects/B2/repos/software/browse/analysis/examples/tutorials/B2A801-FlavorTagger.py
https://stash.desy.de/projects/B2/repos/software/browse/analysis/examples/tutorials/B2A801-FlavorTagger-BelleMC.py
https://confluence.desy.de/display/BI/Physics+FlavorTagger
https://arxiv.org/abs/1808.10567
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W=y Additional stuff !

Belle I

C

Additional or backup slides }
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