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Time Dependent CP Violation using 1'K, final state (NN
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Time Dependent CP Violation using n'K, final state (NEN
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Time Dependent CP Violation using n'K, final state (NEN
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Time Dependent CP Violation using 1'K, final state (NN
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D )
Charmless decay (NEN

TDCPV in charmless b — s decay W

@ the BR is much lower than the b — ¢ B — J/¢K,

@ also, vertex resolution is generally worse due to lower g
0
of B~ decay
eff

° Sn’KO =sin2¢; tightly related to sin 2¢; measured in
b — c¢ss decay

@ identical if only penguin diagram were present.
Not so: Asn’KO ~ +0.03,0.05

@ new physics can enter in the loop,
shifting ASn,Ko more than SM expectation

0.1

Belle Il Projection (July 2015)

0.08.

0.06.

sin2¢, (B 7 Kg ) Uncertainty

0.04.

@ errors are statistically dominated, so far: fast

improvement with first data; B2 S,
R mprovea . e ey
ono /
@ no competition from LHCb for 7', due to the presence of 5615 soie 2017 2676 5015 2090 5051 2082 2623 508k
Year
neutrals.
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D ,
¥at \Vhat's new wrt last B2GM (NEN
@ Move to MC6 dataset
Full BGx1 analysis
e Efficiency of the signal w/ and w/o machine background understood,;
Signal detector acceptance;
tracking efficiency drop from BGx0 to BGx1;
e BDT for signal cross feed (SxF) included in the ML fit;
separate well true from cross feed signal
@ Accept multiple candidates per event;
particularly useful for 73,., where cands multiplicity is high;
increase of efficiency for true signal yield, at the cost of more SxF;
the SxF BDT allows for separation of signal and SxF on a statistical basis on the ML fit;
@ study sensitivity obtained using different number of candidates per event 73
not so relevant for 7, final state: low multiplicity;
Scp sensitivity with toys.
@ Documented in B2TIP report

v

S.Lacaprara (INFN Padova) BO to Eta’ KSO Roma 14/12/2016 4 /23



-D
Decay channels

many decay channels available B® — n’KO

decay channel
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Nen =y 40% Bl
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BO — N (—m,y,y/n%ﬂ' ™ )KS(—Hr =) BR=19%
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@ Not all final state studied
in time for B2TIP report

@ final states considered so
far in red
@ not yet
0 .0 0 0 0
(p 7KS — T >KL)
» 70 reconstruction eff
still quite low
> KE reconstruction not
yet available
> pofy not yet
@ educated guess in final
sensitivity for the missing
channels
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Impact of machine background on signal efficiency
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Impact of machine background on signal efficiency (NEN
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Important drop of efficiency passing from BGx0 to BGx1
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Impact of machine background on signal efficiency (NEN

BGx0 BGx1
channel €% SxF% cands/ev | € % SxF % cands/ev
B = n/(n,,m)KS (- atr7) 301 23 1.06 230 3.8 1.09
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Important drop of efficiency passing from BGx0 to BGx1
@ Reconstruction efficiency accounts for almost all eff drop

@ Acceptance for signal is about: ~ 50%
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Impact of machine background on signal efficiency (NEN
BGx0 BGx1
channel € % SxF% cands/ev | € % SxF % cands/ev
B = n/(n,,m)KS (- atr7) 301 23 1.06 230 3.8 1.09
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Important drop of efficiency passing from BGx0 to BGx1
@ Reconstruction efficiency accounts for almost all eff drop
@ Acceptance for signal is about: ~ 50%
@ Signal selections mostly reduce SxF (and background)

@ optimization for signal efficiency at the cost of SxF increase.
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- Trackln efficiency without and with machine background INFN
EXYE  From B2TI report (draft) Belle2 Performances C
oo e E 09) e
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= 1 1 1 | 1 | E E=‘: 1 1 1 | 1 _’—!—:
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P, (GeVic) 2]
@ About 8% loss for track
o B — n/(nwwi)Kg (— 7 7) has 4 charged tracks: ~ 30% drop, 30 — 23.0
o B® = 1/(n3,75)K2(— 777 7) has 6 charged tracks: ~ 50% drop, 15.1 — 6.7
Some gain possible with fine tuning selections, but mostly is reconstuction;
@ likely to improve with better reconstruction algorithms
Efficiency for K® — 27° channels approx 1/2;
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D .
Signal cross feed INFN
Belle I (%
Issue Origin
@ an other problem from machine | Reco = H v ‘ I R— |
mis—Reco L
background for signal is the increase of tot SXF_|_wrong u’_|_ wrong 1)
. & & Ny KE 90.0% | 781 % | ———
signal cross feed M KT 99.9% | 98.7 % | 82.03%

@ Signal is selected but a wrong set of
tracks or photons are used to build the
decay chain

BGx0—BGx1
N © SxF/Signal=2.3% — 16.5%
N3, : SxF/Signal=5.8% — 27%

As expected, in most of the cases the
problem is in the neutrals 7, 7
In addition, loosening signal selection
to try and inprove signal efficiency

worsen the problem

0
— Yy

Possible solution

@ improve the choice of best candidate in events with multiple ones

@ inizial choice based on best M( P, qex) OF X2 of invariant masses in the decay chain

@ try a multivariate approach
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Signal cross Feed: BDT

/

@ Refine the selection of the best candidate after the selection through a BDT

@ trained before selection on true (sig) & wrongly reconstructed (bkg) signals

@ topological and cluster-related input variables

@ apparently room for improvement

BDTgy K - ROC curve

—— S1:11VoPval
—— S2: 51+ Geometry
S3:82+m’

—— S4: S3 + Cluster Vars

0
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0 50
Signal Efficiency (3]

S.Lacaprara (INFN Padova)

Badkground Rejeciion [4]

BO to Eta’ KSO

-

g 8

BDTgye n,_K* - ROC curve

)
INFN

(%

2

2

8.8

8.6

—— 5111 VixPval
——— $2:51+ Geomelry
S3:52+m’

— S54:53 + Cluster Vars

1

10

20

20 50
Signal Efficiency (3]

Roma 14/12/2016 9 /23



)
SxF BDT (1) pew

@ The behaviour is good, true signal has the best
BDT in most of the cases

10000
1400f-

@ Separation between signal and SxF is good

600F- 40001

@ Background (continuum and peaking) is well
separated as well

20001

02 04 06 08
XF: MC true signal - cand)

0N
2o
@ 3|
S
9
e

02 04 06 08
T SxF: MC true signal - cand)

@ Choose the candidate with the highest BDT T

B ( n(yy) 7m0 KY('m)

But ...

In spite of all this, the actual improvement in Sxf
contamination is marginal: few % at most!

1., : SxF/Signal=16.5% — 15%
N3, - SxF/Signal=27% — 25%

-05 04 03 -02 01 0 01 02 03 04 05

BOT true signal vs SxF separation possible
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Improve efficiency by multiple candidates

@ The SxF BDT not able to select the one best candidate;

@ but, allow to understand if a selected candidate is true or not;

@ since we have problem with efficiency, we can select more
than one candidate per event

1.~ can take all candidates, low multiplicity per event
73, Many true candidates are the next to best BDT

@ this will significantly increase SxF as well

@ include SxF BDT in the ML to separate the two sources

N3, efficiencies and SxF

candidates ‘ 1 2 all

True signal efficiency | 6.7 8.1 9.6

SxF efficiency 23 6.0 286
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I3 Vertex resolution: True signal, SxF, all. BY n'(
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Wi)Kg m:r?

I3 Vertex resolution: True signal, SxF, all. BY n'( o
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Belle I

At resolution
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)
=3 Distribution for Signal and Background (NN

Belle I
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@ Black: signal
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@ Colors: background

@ No major differences
for Signal and
Background
distribution from BGx0
to BGx1
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Distribution for Signal and Background INFN

o Black: signal

True \\
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All candidates!
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= Back d i 1 m:r?
QBE ackground: continuum Suppression C
Plot with all candidates
B~ n'( n(yy) ') KI(em) B~ n(r'nere) ) KY(rem)
x10°

L L R

-04 -03 -02 -01

-04 -03 -02 -01

.5 0.4 0.
BDT_CS
Channel Continuum BB BB~
n(2y)Ke(7™) 16413 1834 57
n(3m)K(r™) 4508 304 13
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Likelihood fit NN
Belle I (%
Multi dim. extended maximum likelihood fit to extract S and A.

Pi="T (At", o , i ) 9, i(x
Pdf is of the form: ~’ J Bin 1 1:I \_kiE_kZ
time integrated
, taking into account mistag rate (n; = £1 is CP state):
—|At|/T
f(At) = {1 FAw =+ (1—2w) X [ —neSesin(AmAt) — Ar cos(AmAt)] }
variables (x,) used, in addition to Parameters:
o M o effective tagging efficiency:
be Q =¢(1-2w)*=0.33
o AE » w=0.21, Aw =0.02
o Cont. Suppr. @ At resolution as shown previously (convoluted)
o SxF BDT new e 7, Am from PDG
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K=Y ML fit BY — /(. 7)KY e

Signal
//\\ SxF
1 Continuum

Peaking
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= ML fit B® — o (17, 77)K? e

ARooPlotor

Signal

tN

o "_ P e o "\““ om0 o= om % om i -
Still some problem
in At fit, likely from

wrong resolution SxF
(bug in ML fit setup)
By +“’H Tiate | por
Continuum
Peaking
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DD
¥t ML fit B —>77(7737r7f FKS e

o
o

Signal

SxF

Continuum

M Peaking
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D
ML fit BC en(ngﬂr K2 pew

- ) /\ Signal
\ i ;’ ;HE 4
etter but not yet perfect SxF
/\ Continuum
Bad as before : Peakin
(bug in ML fit setup) \&‘&. eaxing
b
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-D . .
Toys and projection

Channel yield  o(S)  o(C)
o lab*
T p(2y)K(xT) 1915 0.07  0.06
n(2y)K2(2x°) 423 015 0.13
1 n(Br)KA(7E) 300 017  0.10
JJK e Ks modes 0.04 0.03
e asas  Ks + K. modes 0.038 0.028
oo 5ab "
n(27)K3(7=) 9600 0.04  0.03
n(27)K2(27°) 2100 0.09  0.07
n(3m)KA(x*) 1900 0.07  0.04
bl o] Kg modes 0.03  0.022
Ks + K modes 0.028 0.02

Published results:

Belle (772 - 10° BB): N
BaBar (467 - 10° BB): N,

ig

=648, o5 = 0.15, o = 0.10
=472, 05 = 0.17, o = 0.11

)
INFN

(%

Missing channel

° Kg — 27% and KE

@ Use educated extrapolation;

@ start from fully analyzed
channels;

@ use Belle published ratio wrt
those;

e TODO for ' — py

@ Bias on A(C)cp: non negligible
bias, under investigation

S.Lacaprara (INFN Padova)
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D )
Summary and outlook INFN
Belle I (%
° Kgo as well as K| final states, but educated extrapolation included
@ 7' — py not touched at all; educated extrapolation TODO
o ML fit tuning;
Still some remaining issues:
migration between continuum and peaking background
still failing to properly fit At distribution for peaking (possibly related);
Bias seen for A in toys (Acp = —0.1), S is fine
@ Included in B2TIP report (draft)
Working Group 3 (WG3), chapter 9: “Time Dependent CP Violation of B mesons and the
determination of ¢;" ,
chapter mostly completed (missing introduction, summary, .. .)
waiting for reviewer comments
@ not clear if a more detailed study based on MC is really worth;
@ |'d like to have a B2 note with more complete documentation for future reference;

o
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W=y Additional stuff !

Belle I

C

Additional or backup slides J
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D .
Selection I

candidate selection: main cuts

C

@ Reconstruct decay chain with mass constrains for °, n 1, Kg,
vertex only (w/o mass) for B® (more later)
| 7r0, Moy
> 0.06 < E, < 6GeV,

Ey/Eys > 0.75 K> atm:

M(x°) € [100, 150] MeV MKS = 7tn7) €

M(n,) € [0.52,0.57] GeV; [0.48,0.52] GeV;

B® - /(— T]MWJr 7T7)Kg+7

My > 5.25 GeV;

|AE| < 0.1GeV;

/ + -
N —Na,T T -

M(n") € [0.93,0.98] GeV;

vV B VY B

n — 7]ﬁ/ﬁ,,7r+7r7:

vy B VY

do(7F) < 0.08mm;
2(7F) < 0.1mm;

N hitspxp(7=) > 1, PID
> M(n') €[0.93,0.98] GeV;

v

B = /(= maam m )KS
|AE| < 0.15 GeV;

vV H V V &R

. . 2 .
if N_,,qs > 1, select that with best reduced x* for 7,7, Kg inv. masses
S.Lacaprara (INFN Padova) BO to Eta’ KSO Roma 14/12/2016 2 /10



-D 5
Vitx reco and At resolution: 7)., channel I

z
3
)

C

@ 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.

BYn( n,, ) KL(rtm) X/ nat 2761191

500 Pron 544005

Fit norm 159403 + 136e+01

o Core Bias, 00367 £0.004

5001~ 0,685 £0.031

£ Tail Bias, 0033220039

a0 |---outlier 1872015

£ Bias, 0156 20131

£ se24

3001 A 0408 £ 0032

£ 6 Y 0409 2 0020
200 6’&( At 1.96 ps

Bias: 0.00 ps

100 %6\,3(\

B .n(n, ) K () X 1nat 2531191
pron 000177
0 [t | o 154es03 & 1240401
E - Core Bias, 0047 10013
600F- 0587+ 003
E Tail Bias, 00524 £ 00313
5001~ - Outlier 1472012
E Bias, 0107 £ 0080
400~ 381£015
fe 0.393 £0.041
300 Q i 0393 0028
S At 162ps
200 . \\S\ Bias: -0.02 ps
100 \
TS 4 2 0 2

6 8 1
At-Bty, (PS)

5000F-

B°-n(n, ) Ki(em) Tozer0a 1191
40000 °
E Fit 616404 +7.80401
35000 SN 00399 00013
E =) 0488 + 0002
30000 ~0.0704 40,0036
EYb-outiier " 1142000
RXE Bias, 0420 £ 0018
Q ME 297 2002
% E fe 0565 + 0,005
E " 0362 £ 0008
15000—
o \\S\ E t: 0.91 ps
@\ 10000 Bias: -0.02 ps

T
B, (5)

S.Lacaprara (INFN Padova)

With beamspot (x, y) & Ka:
No efficiency loss

important improvement in At resolution
1.89 — 1.62 — 0.91 ps
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-D . _ +—
Vix reconstruction for B® — /(= ng,n 1 )KL

Standard reconstruction uses four charged tracks:
7 from n — mri and n —m

16000
14000
12000
10000] f

8000

4000

2000

6000

B (n, T KT

+ 0
™

TN

Fit

== Core
Tail

-+ Outlier

e@‘é

Xrnat o0 7101
prob 206629
nom 3100404 + 5650001
Bas. 00723 200027
9 0535 +0.005
Bias, 00777 200052
o 1292001
vis, 0266 20019
% 3154003
fe 0.4012 0,007
i 045 2001

M 1.25ps

Bias: 0.02 ps

With B? dir. & K2:

No efficiency loss
1.25 — 0.88 ps
In both cases, At resolution better than in Belle, in spite of lower boost

6 8 1
AtAt,, (pS)

B-n(n,, 100 KYC'T)

Fit
- Core
Tail

----Outlier g

X lndt 6291101
Prob o
nom 3026404 +5.49e+01
Bias, -0.036 £0002

e 0.425 £0003

Bias, -00562 00050

107 x001

Bias,, 0317 20021

288 £002

o 0565 £0007

t 0342 £0006

At: 0.88 ps

Bias: -0.01 ps

NG
e, (ps)

%)

S.Lacaprara (INFN Padova)
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-D
Backgrounds !

C

e Combinatorial: from continuum background e"e” — ui, dd,ss, cc

» evaluated from M, side bands on real data
» now from MC production: NB: still w/o machine background!
» use Continuum Suppression variable

* multivariate variables sensitive to event topology
* central (signal) vs jet-like (continuum)
* past issues w/ variables “fixed”
o Peaking: any other B decays possibly with real 7’ and/or Kg
» evaluated from MC of generic B’B°, BTB™~
* actual B — n'KO removed.
e Current results based on BGx0 production, namely w/o machine background
» impact of machine background under study
» signal w/ machine background already produced

@ Next table numbers before Continuum Suppression cut
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D .
Background reduction (before CS cut) (NN
Sample ui dd  s§ c¢ | contiuum | B°B° BB~
Input ev (M) 1284 321 306 1063 | 2974 | 2160 2070
B — #/(— 7’/m,7r+ ﬂf)Kngi
e (-107°) 2.60 3.06 240 3.62 3.0 0.11 0.038
evfor 300fb~% 1247 369 275 1445 | 3335 13 6
B® = /(= mgem m)KE
e (-107°) 034 054 017 1.50 0.76 014  0.02
evfor300fb* 166 65 20 597 847 24 3

o Background reduction better for 75, than for 7,

7.~ mostly uii and cc
73, mostly cC

@ peaking background is small
> analyzed whole 5 ab™! dataset from MC5

@ preliminary study on w/ machine background shows similar rates

S.Lacaprara (INFN Padova)
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D
Golden Mode Proposal J

C

Golden modes proposal

e Time dependent CP asymmetry in By — J/vKs
e Time dependent CP asymmetry in By — ¢Kg, By — 1 Kg, Bg — 1 Kg, Bg — KgKsKgs
e Time dependent CP asymmetry in By — Kgn%y

o Time dependent CP asymmetry in By — 7w, Bg — wp, Bg — pp
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D c .
Az resolution Tag Side

Events / { 0.0006 cm )
T

B

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

Belle
@ Shift = 29 um
@ Resolution = 89 um

S.Lacaprara (INFN Padova)

1 - | I e’
-0.01 0 0.01 0.02 003
TagVz - GenTagVz [cm]

1000

800

600

400

200

0

Event/0.02mm

100

(Q)’cggfing
vertex

04 02

T.Kawasaki, PhD Thesis

" Resi dnn[” man)

(a)

Belle Note # 382

D 123
Entries 4855
Mean 0.2580E-02
RMS 0.1502E—01
TX/ndf 4515 / 46
Constant 768.4
Mean 0.1556E—02
Sigma 0.9074E-02

[cm]

—-0.1 -0.08-0.06-0.04-0.02 0

BO to Eta’ KSO

0.02 0.04 0.06 0.08 0.1

Roma 14/12/2016
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-D .

Vertexing strategy INFN
Belle II (%
-t I

7{+
\ K+
0
KS .
\ E\"’.\/,I"fv :\,’\/I‘{ "A."._'_‘__.
S s N S
2 Rl boost-axis
/ Bmg Bs‘g Due to the kinematics, the ¢ - K'K’
) vertex is much more difficult than e.g.
K Iy = pp-

Different strategies to determine the Bmg decay vertex:

« Simply use the tracks from “prompt decays”;
« Add also a kinematical constraint:
» ipprofile: beamspot constraint (all three axes);
> iptube: constraint just on the plane transverse to boost, useful for
B-physics;
« Canuse also the K“S flight direction.
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