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Intro C

Time dependent CP violation is a powerful tool to both perform precise
measurement of the unitary triangle and to look for new physics beyond
the standard model.

Within B2TIP Work Package 3, several analysis are being developed in
order to:

@ estimate the sensitivity of the experiments in these analysis

@ to asses the readiness of the Bellell software and analysis tool, as well
train the analysis facilities (including the physicist), in a full scale
exercise.

| will briefly report on progress done on three of these analysis:
e B — J/YK, as benchmark for TD analysis
@ two charmless channels:

B — ¢K0 one of the cleanest charmless hadronic channel;
B — n/KO an other charmless channel, possibly more sensitive.
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D . )
Time dependent measurements INFN
Belle I (%
*Fras) -
2l 7 @ Y(48) is the first resonance just above the BB
z (28) production threshold
§ el - @ Only BB pairs are produced, and are at rest in the
= ) Y(4S) frame
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At will be o anti 8 [ |\
dominated by e P XX = _—

the resolution ® | A =z
of the tagging 1 1
side vertex Quantum entangled neutral Belle ~ 200 um

B meson pair production Belle Il ~ 130 um

n

At probability parametrization 7( A7 ) ?7'[1 i q(,—\‘ ' p cos AmgAt + S p sin Am g At )
0 g0
NB: 5736//62(56//6) = 028(0425) Asym = % = Acos(AmAt) + Csin()

Need to tag flavour of B,,,, CP state of By,

and then fit P(At, q) to data to extract A, and S,
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B® — J/¥K": Belle status (NN
Belle I
B® — J/¢K® is a tree level process b — ¢, A directly related to sin(2¢;) J
or T T T T 7
. : Py Wm- e aivirmllE # Sin(2¢,) will remain the most precise
o i E measurement on the Unitarity Triangle
w % o R 3 parameters
- LB ; ‘ « 7 @ |n Belle 1l the measurement will be
a E dominated by systematics
“ | E -+ Effort concentrated in understand
o . E and reducing them
o b |
%054 m m o ot m m o
? Bell t statistical
in 2/ o ; = = elle measurement statistica
o3 — /10,0232 + 0.0102) x 0.711/Lin, + 0.0072 orror
Statistical Systematic Total Belle measurement reducible
(reducible, irreducible) SyStemahC error
sin23
711 ' 0.023 (0.010, 0.007) 0.026 Belle measurement non
5ab-l  0.000 (0.004. 0.007)  0.012 reducible systematic error
50 ab~!  0.003 0.001, 0.007 0.008 L .
jl - ( ) Integrated luminosity used in
i Belle measurement
711 ' 0.016 (0.010, 0.011) 0.022
E . 1 2 L .
5 ab 0.006 (0.004, 0.011) 0.013 Belle Il expected mtegrated
50 ab™! 0.002 (0.001, 0.011) 0.011

luminosity
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B® — J/wKO: Belle systematics (NN

Belle I

Phys. Rev. Lett. 108 171802 (2012)

TABLE II.  CP violation parameters for each B — fp mode

_,,a 5 and from the simultancous fit for all modes together. The first
§ ; and second errors are statistical and systematic uncertainties,
é ‘g respectively.

Decay mode  sin2¢p) = —£,8; A

I/ KS +0.670 + 0.029 = 0.013 —0.015 + 0.02100:3

z z i + G2$KY 40738 £ 0.079 = 0.036  +0.104 + 0.055°5 %7
E E “': f ‘ Xak? +0.640 + 0.117 + 0.040  —0.017 = 0.083 004
H F o2l ' J/UKY +0.642 £ 0.047 = 0.021  +0.019 + 0.0267 817
.04} All modes  +0.667 * 0.023 + 0.012 +0.006 * 0.016 = 0.012
08
€ 420 2 468 % 4202 46
at(ps) at(ps) Source Irredueible Error on 8§ Error on A
FIG. 2 (color online). The background-subtracted Ar distribu- [Veriexing X £0.007 £0.007]
tion (top) for g = +1 (red) and g 1 (blue) events and At resolution 40007 +0.001
asymmetry (bottom) for good tag quality (r > 0.5) events for . . —
all CP-odd modes combined (left) and the CP-even mode [Tag=side interference X +0.001 £0.005]
(right) Flavor tagging 40,004 +0.003
. . Possible fit bias +0.004 +0.005
Irr{e/dl.:tmb]e sys?g]mattlg ‘i"otrs- 4 Signal fraction £0.004 40,002
@
e e),(lng, (‘NI ou etecior upgra e) Background At PDFs 40,001 < (0.001
@ Tag-side interference .
+ More sophisticated treatment will Physics parameters +0.001 < 0.001
P Total +0.012 +0.012

be considered
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D . . )
New vertex detector and reconstruction algorithm (NN

@ 40 times increase of luminosity — higher background | » Pixel detector needed
@ Lower boost — smaller separation between the B mesons

Most suited technology : DEPFET

[

Innermost detector system as close as possible to IP
Highly granular pixel sensors provide most accurate 2D position information

“

L

Reconstruction of primary and secondary vertices of short-lived particles
Decay of particles is typical in the order of 100um from the IP

L

Silicon Vertex Detector (SVD)

Pixel Detector (PXD)
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Az resolution (signal side) !

-

Two vertex fitters used in Belle Il for kinematic vertex fits
@ Kfit : used in Belle Jh —
@ RAVE: a CMS tool, see https://rave.hepforge.org/) A Hu

E
g:isomf
Z30000]
150 20000;
15000F-
100 E
10000 —
50 m:
- L . N N T
Belle 1l Belle MC + basf2
@ Shift=2.0 um @ Shift=0.17 um
@ Resolution = 21.6 um @ Resolution =43 um

Comparison of the same (new) vertex algorithm for Bellell (simulation)
and Belle (porting data to B2 format and use B2 reconstruction software)
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D .
Time dependent measurements INFN

Improvement of the At resolution

@ At resolution depends on tag
and signal side, as well as boost;

5000

Events/ (0.1 ps )

4000

Belle : reso=0.92 ps
Bellell : reso=0.79 ps

@ in spite of lower boost at
Bellell, the At resolution is
better in Bellell

3000
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1000

T8
80_ Dt ipe)
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D
Charmless decay

@ TDCPV also in charmless b — s decay. Here only:

» B 5 ¢K°

> BO N T]IKO
in general the BR is much lower than the b — ¢
S,/k0 = sin 265" tightly related to sin 2¢,
measured in b — ¢s5 decay

identical if only penguin diagram were present.
Not so: ASn/Ko ~ +0.03,0.05

@ new physics can enter in the loop,
shifting AST]/KO more than SM expectation

@ errors are statistically dominated, so far: fast
improvement with first data;

competition from LHCb in the case of ¢, not for
n', due to the presence of neutrals.

sin2o, (B> 0K.) Uncertainty

o daa vi4$) g

2018 2019 2020 2021 2002 2023 2034
Yoar

r T
o Beile l Projecion (July 2015)
[

sin2e, (B> 1 Ky ) Uncerialnty

§ 2020 2021 2022 2023 2024
Year
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Comparison of the two channels INFN
Common issue (and tools)
0 0
@ vertexing; B” — ¢K
@ background from continuum; @ one of the "Old Superstars”
(A.J.Buras);

@ multidimensional likelihood fit

e EarEe resulia. @ Best published results using a

complex Dalitz analysis

0 )
B"—nkK @ A simpler quasi two-body

@ larger BR ~ 10x decay used here

° C/omplex final states: @ Simple final state ¢ — KK or
77/ — mum, = yy/mmw or ¢ — 37 (not used at BaBar/Belle)
e @ Good channel for

@ Combinatorics can be tricky, commissioning: vertexing
especially in presence of beam PID, flavour-tagging, ...

background (neutrals) @ Presence of scalar, non

o vertexing slightly better thanks resonant. KK S-wave

to multiple 7
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Helicity angles for B°
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D .. _
Vertexing improvement B — n'(n — fw)ffﬂ INFN

@ Fit the By vertex from charged tracks; (7™ from ' — nn™)
@ add also constraint from reconstructed Kg direction; (K2 — 7t7")
© add also constraint from B® boost direction, transverse plane only.

&, o Kt T T R ) FETE
oK Prob 3 oonrr
F Fit . norm 630404 + 806901 Fit | L5ter0 + 1260001
E - Core Bias. 00307 400025 . Core 007 s0013
E : 0629 0,005 2 ose7 2003
20000~ 3 Tail
L Tail Bias, 000735 + 000485 i oiss, 00524 £003
C -+ Outlier d 163 £0.01 -+~ Outlier - 147 £012
15000~ Bias, 0132 £0015 Bias, 0107 20080
C 446 £0.03 3811015
F e 0344 40005 e 039 20041
10000 (6 " Q .
[ 6’6 At: 1.89 ps A(v 1.62 ps
F N Bias: 0.01 ps Bias: -0.02 ps
5000 %&’a
L S Iy o
Lo L 5

EINNCIDNE "6 8 1
AtAt,, (PS) At-Bt,,, (PS)

8°-n(n,, M) KM X/ ndf 1026+03 /191
i : -
30000; Bias, ’9070417”“935 Wlth beamspot (X7 y) & KS:
25000 ; E:aso 0. A]Z‘JMA ;:;IUE] - -
rowef wo wrem No efficiency loss
50008 soetps important improvement in At
.\%; Bias: -0.02 ps .
W s resolution
a5k

e 1.89 — 1.62 — 0.91 ps

6 8 1
B, (PS)
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Background !

ARooPlot of "M,."

e Continuum: from ete™ — ut,dd, ss, cc

events. Will be modeled on data from side
bands: now from MC

» Easy to deal with exploiting the differnt
topology between BB events (central) and
continuum (jet-like)

» Several variables, sensitive to the event
topology are combined in a multivariate
discriminator (which can handle the
correlations among the variables);

Events /(0,001 GeV )

o Peaking: actual B decay containing real 7,
77/, ¢, or Ky. From cocktail MC.

-05-0.4 -0.3-0.2 -01 0 0.1 0.2

BDT
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Likelihood fit aFN

Multi dim. extended maximum likelihood fit to extract S and C.

P =T; (At chentp) (xi
Pdf is of the form: 4 _J oavnce ) e Qujk)

time integrated

, taking into account mistag rate (n; = £1 is CP state):
o |At/T
f(a) == {1 T Aw+ (1 2w)

T

x [ = neSesin(AmAt) — Crcos(Am )]}

Parameters:

variables (x,) used, in addition to o effective tagging efficiency:

® My Q = (1 — 2w)* = 0.34
e AE » w=0.21, Aw =0.02
e Helicity (for ¢) @ At resolution as shown

previously (convoluted)
e 7, Am from PDG
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ML fit example ¢(K*)Ks(m™)

" — " o 2_' am
E P,
AE . - - 1
[ra—
e ] i
. H
M :
e N
It bt
I 12
M($) M ;
J k
: T
p—
. u i I
E e
cos(, ) = ] -
5th 2016 ) - - _
Signal NRK'KK_ Continuum  BE bkg.
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D .
PDF fit results examples INEN

AT My, AE CS variable
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D : )
Toy studies (NN
Estimate the capability to deal with | Estimate the sensitivity for a given
the NR s-wave ¢ luminosity scenario 7’
e s @ Yield estimated for
L =300 fb'. N = 390
wel P——— e input CP pars:5=0.7 C=0.0
::E T Toy results - diSig_S 1000
e LI Par Bias RMS
No bias, provided enough O(100) 5(0.7) 0.696+0.005 0.178
C (0.0) 0.005+0.004 0.13
event for each component are !
. nSig 390.7+0.8 247
available ) )
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D : )
Conclusions a”'

@ B2TIP is very useful to develop and test the full chain of an analysis
exercise;

@ good progress in basic as well advanced reconstruction and analysis
tools;

@ no show stoppers so far, the resolution and sensitivity is in the right
ball park;

@ writing of the documentation is in progress as well;

o still a long road, but we'll be ready for the data taking.

thanks for your attention
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40 times Iumlnosn:y upgrade from the:fT(EKB accelerator
“and detector upg.rade from the Belfe““éxperlment
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SuperKEKb e

IR with [_’uy*=0.3mm
SC final focus system

Low emittance lattice

Add RF systems for
higher beam current

LI RV

emittance positron

injection 2

Positron
capture section

=

LER beampipe to suppress
photoelectron instability
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SuperKEKb e

CsI(Tl) EM calorimeter: .,
waveform sampling

electronics, pure Csl
for end-caps

RPC u & K, counter:
scintillator + Si-PM

\

4 layers DS Si Vertex
Detector —

2 layers PXD (DEPFET),
4 layers DSSD

PID system ;
Time-of-Propagation counter
"_(barrel), i

prox. focusing Aerogel RICH
(forward) T
2

Central Drift Chamber:
smaller cell size,
Iong lever arm
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D )
Golden Mode Proposal (NN

Golden modes proposal

o Time dependent CP asymmetry in By — J/YKg
e Time dependent CP asymmetry in By — ¢Ks, By — n'Ks, Bg — m°Kg, By —» KsKsKg
e Time dependent CP asymmetry in By — Kgny

o Time dependent CP asymmetry in By — ww, By — wp, By — pp
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D . .
Az resolution Tag Side

Events / ( 0.0006 cm )

3000

1000

= AN~
-0.01 0

002

Belle Il
@ Shift = 3.8 um
@ Resolution = 56 um

Belle
@ Shift =29 um
@ Resolution = 89 um
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vertex

04 02 0
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o Rzu\idm:[,"(mm)
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Belle Note # 382

D 123
Entries 4855
Mean 0.2580E-02
RMS 0.1502€-01
X¥/ndf 4515 / 46
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Mean 0.1556£—02
S\'gmn 0.9074E-02

[cm]

Hbb

0.02 0.04 0.06 0.08 0.1
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-D .
Vertexing strategy INFN
Belle II (%
A S
Tc+
\ / K*
0
\ Ke T
\ > I/;_
boost-axis
/ _i Due to the kinematics, the ¢ - K'K’
vertex is much more difficult than e.g.
I = prp-

Different strategies to determine the Bsig decay vertex:

» Simply use the tracks from “prompt decays”;
* Add also a kinematical constraint:
» ipprofile: beamspat constraint (all three axes);
» iptube: constraint just on the plane transverse to boost, useful for
B-physics;
« Can use also the K°S flight direction.
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D .
] At resolution for ngKO

no constraint

iptube constraint

1 ndi = 5.087 27 ndf = 10.233
oo Bias, = -0.04421 = 0.0031 fama Bias, =-0.04166 + 0.0011
s F PR Bias, = 0.033 £ 0.011 ps H resolution: Bias, = 0.281 + 0.014 ps
oot resolution: o S0 0.768 DS Blas, = -0.09229 + 0.0028
§ ¢ 2.084ps gmﬂ_— : P 1, = 0.5570 + 0.0051
#5000 F 1o = 0.0765 +0.0014
E soouu:— Sigma,_ = 0.4084 = 0.0020)f
200001 40000 Sigma_ = 2551 + 0.017
F - + F Sigma_= 0.9415 + 0.
15000 | Sigma,_ = 1.486 £ 0.014 p aaonn:— igma,_ = 0.9415 £ 0.0072
10000 ma;—
5000; 10000}
= IS Il L 1 L & . 9 - "
-8 -6 4 -z [ H 4 gﬂ st = -6 -4 -2 [] 2 gﬁ. “ Epe}a
; ; . ot of * g
K_flight direction +  *° Res A e 550
. . Bias, = 0.04234 + 0.0011
iptube constraint Bias, = 0262 = 0.014 ps
w000, Bias, = -0.09990 + 0.0029
f = 0.8576 +0.0052
The quoted 50000 ) 1,= 0.0769 +0.0014
resolution is the resolution:
i 00,752 ps
weighted average : Sigma,_ = 0.9200 + 0.0072
of the gaussians' 0000
widths 20000/
10000
May 25th 2016 9
e
Res Al (ps)
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continuum suppression

o signal continuum
=

250)

150

100)

50

——

-
L
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signal continuum
Q0000 g
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T0000
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continuum Background distribution (ngKO) INFN

827521 522 523 524 525 526 527 528 529 5. 005 01 015 0
Mbc DeltaE

HEE
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Background distributions !

Best candidates, after selections

=
5
z)

-

B’ n'(n(yy) m'm) Ko(rr'm)
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