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Outline BICR

Belle IT

e Status of TDCPV WG:

o BYlifetime measurement

o sin(2¢,) measurement from B® —J/pK®
m CP-side and Tag-side Vertex studies
m Flavour tagger validation

e BY n KOS
o n’in Phase lll data
o Study on MC12
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BELLE2-NOTE-PH-2019-017

. D
t(BO) had ronic Reem (IPHC Strasbourg) INEFN

e No flavour tagging needed, .
e Using simple At resolution function s [ o,
@) 3 gaUSS|an W;_ ....gorg:(nguum
o Not using event per event resolution "E . 3
e 6 fully reconstructed hadronic final states. gttt
o In common with BToCharm WG : = 7
Bt it
TR Diony Selection efficiency =
« B? channels: o / i
- e N — Do - K- 1T e ; Exp8 - O(1000) candidates
- B>D 1, D~-D°rr D° - Kt m? —+ D™= 20
- B - D* T, D ~Kmmm B D p* 10
- B - D*p* PR B » D*-rt 22
- B - D* al* ap+ - I 7_:5 4 BY & D'_p+ 8
B = D*a, 6.6
B%-> D" a,* excluded due to :J ; ' S -
high background g** {HHHHHHHHHHJH ,
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Lifetime extraction BELLE2-NOTE-PH-2019-017 - INFN

e UML fit on At with full pdf Pa(At) = Peont (At).

o  Signal/BB/continuum
o Fixing some parameters from MC

e Teston MC 80/fb

NRsig(At — At')dAL .

. 1 At|
o Data stil blind o e‘(p( = )
1200
7 fa1 0.4 +0.05
1000 | s |—0.0091 £ 0.09
» o _
S 800 | i _0'4"1 Working on
c i fs2 0.45 4+ 0.054 systematics
S 600 i —0.34£0.11
§ 400 | L 1.23 Target:
L fs3 1= foa1— fs2 Moriond
200 Hs3 —-0.8+0.21
3 Os3 4.09
00 =8 I 7 7m0 | 1.52 = 0.019 \
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sin(2¢,) measurement from B —>J/l|JKOS INFN

Belle IT

e Signal reconstruction is ready since this summer

Belle Il 2019 Preliminary Ldt=262fb"
T

= ™7 T >~ o’ o T T
g Bellglli 2019 8 a
Mode Belle II, 2019 data |Belle II, MC expectation |Belle, 2001 data [2] ° E Tosnlpasy w 01
:’ - - a o o
262! 1! [262fb7Y 1! [105H7 18] 2 Jra-een o
BY — J/$K2|26.9 + 5.2[10.3 + 2.0| 275 10.5 123 11.7 3

e Expected O(100) events with 10/fb

| 0.0 0 7
522 524 526 528 53
e M,. [GeV/c?]
‘6
VOLUME 86, NUMBER 12 PHYSICAL REVIEW LETTERS 19 MarcH 2001 /&
« 15 T T T T
§’ r Belle ng 1
g I Preliminary
Measurement of the CP Violation Parameter sin2¢; in Bg Meson Decays ¢ Ldt=2621b" ]
4
A. Abashian,* K. Abe.® K. Abe.* 1. Adachi,* Byoung Sup Ahn,'* H. Aihara,’” M. Akatsu, 9 G. Allmonu K. Aul\l g

We present : of the standard model CP violation parameter sin2¢, (also known as
sin23) based o:] a 10.5 fb! data sz ) i i
+ —

ata sample collected at the Y (4S) resonance with the Belle detector at the
KEKB asymmets ler. One neutral B meson is reconstructed in the J /¢ K, (25)Ks, x.1Ks.,
n.Ks, J/WK;, or J/pm? CP-eigenstate decay channel and the flavor of the dccompanymg B meson is
identified from its charged particle decay products. From the asymmetr,
interval between the two B-meson decay points, we determine sin2¢,

0
52 522 524 526 528 53
M, [GeV/c?]

0.58203% (stat) 25 10(syst).
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Preparation and test of analysis tools

e At measurement, control
samples, wrong tag
fraction, At resolution

e A plan with work sharing is
in place, involving many
people and groups

e |[talian contribution:

o Fernando
m FlavourTagger
o Benjamin:
m B°->JlpsiK
m Hard for winter conf
maybe?
o Chiara (now J)

m Had control sample
Stefano Lacaprara, INFN Padova

[B88 Jipsi Ks SiB fractions

D
]/ INFN
Belle IT

Items November December January Feburary
CP-side reconstruction

Jipsi Ks Bkg Dt Yusa
Jlpsi KL S/B w KLM
Jipsi KL S/B w KLM+ECL

CP-side vertex

Determination of standard option _

Check shape dependence to signma_z and chi*2

Tag-side vertex
Improving tagV module, testing BTube with Rz Thibaud
Add IPtube constraint to KFit Tanigawa

Determination of standard option _

MC sample
data sample

list up necessary parameters for fitter
prepare definition file for fitter

Flavor tagging
Skim, reconstruction and selection of control
Simultaneous fit to determine effcies, w and D
Hadronic control sample
[

Target for Moriond

Semi-leptonic control sample
MC sample
data sample

list up necessary parameters for fitter
prepare definition file for fitter

Resolution function

fit MC and determine non-primary track part
fit data ande determine detector part

fit data and determine resolution and wiag

CPfit

modify fitter (hadronic part)

modify fitter (semi-leptonic part)
discussion for blind open and fit to data

B2GM (Feb. 3-7)
TD fits of control and signal channels
using MPI and fraditional approaches Viadimir



Tag Vertex issues

e Current algo is TagV, based internally on RAVE (CMS).
o Lack of developers for TagV and no support for RAVE
m Investigating use of KFit in place of RAVE
o Personpower needed, you are welcome to join!
e Due to nano beam, the IP constraint is tricky to use
o |P constraint is wrong if B flies long time
o Using IP constraint can bias the Tag Vertex Z residuals
o Elongating along B boost better but not yet perfect \

N\

Az > 230 um

1 0=686
u=6.2

103
Az~ 0 um

[ 0=69.9
u=74

Az < =230 um

-
o
N

#events

=y
o
—

100

—400 -200 0 200 400 7
MC
tag v, —tag v;'* [um]
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Tag Vertex Fit

e Btube constraint
e Propagate BSig to beamspot

(@)

(@)
(@)
(@)

Get the vertex of both B

Compute flight direction of B_,

Use the tube as a constraint on tag side
https://agira.desy.de/browse/BIIANA-120

Az>230 um
0=75.0
u=12.4
Az ~0pum
0=75.3
u=13.4
Az < =230 um
3 o0=753
u=12.8

#events

10!

100

—-400 -200 0 200 400
tag v, —tag v¥¢ [um]
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Sourav (Tel Aviv),
Thibaud (MPI)



https://agira.desy.de/browse/BIIANA-120

Btube vs other constraint Bl

Belle IT
Mean vs Az .

Izlvls A em— const. 20
100 \ vs ZMC = :;Ube t — N\ -
= P WP i 10 AN e RMS and mean vs
—— Breco .

C &/ _ Az, . fqr various
= 2 constraint

80 _— —rcont N\ @ Breco is the actual

S 0 — oot standard de-facto
70 -~ Breco
-30
~10.00 =7.5 —5.0 -25 0.0 2.5 5.0 7.5 10.0 -10.0 =75 —5.0 =25 0.0 2.5 5.0 7.5 10.0
AzMCum Achum
p —val > 0.01, nTracks > 1 .
e Efficiency vs Az, . : as good as Breco
0.42
e Btube has no (or little) bias vs Az, .

0.40
t - - - -
Y o e Next step is test with KFit in place of RAVE

—4— IP const.
~4— BTube
0.36 —4— no const. - £ V4] 1 1
Eff vs Az e e Test on data: fit mixing and lifetime
MC —4— Breco
—-800 -600 —400 -200 O 200 400 600 800

AZMC um
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CP-side vertex: IP constraint w/ KFit INFN

Tanigawa-san Tokyo

) . _ 2 Oum
e Study in bin of h = x*/NDoF Lo | 30 T
. ﬁi‘:"f- : 25
10000 {ff b hee - l\‘E‘E‘:& ; —P> ——
tﬁ = piser 102 L E1s =
i N b | 01533 j / ‘H\ 57 AT
6000 {{{Hh} 1 ' e L AT i
STk L
4000 Ll\ 1 [ 0! “ ‘ " '4 T, 0 J+  true decay time tcp [ps]
2000 k | tep distribution for each'subset of h ™ & & o8 o
I T ,| not exponential in subsets with ™"
hee 10 | , ‘ pReco(MC12)
o 1 2 3 4 5 6 g
e strong correlation between t and h o inelsndnaen v e . T
103 oy T
o tdepends onh ;! \ Jaates, g iy S
. e T " ™
e Solution: event-by-event tube i
\ . 102 i, S,
Cco nStraI nt B Zrdé’&ghters " LH—J_;; ) —?::"
o  Require fully reconstructed B° P 2 W
e RECO S pam}\ o iyt
beari:shot neutral track -
o Similar to Btune, but for CP side ? 0 1 2 3 4 5 6 i

tcp [ps] subdivided by h
Stefano Lacaprara, INFN Padova ; =



. . D
Flavor tagger validation Fernando (TS) ¥ (INFN

Colm (IPMU) Belle I
e Use fully-hadronic self-tagged B® decay Control Samples (same as ©(B°)
. =)
e Use Time Integrated PDF 1 |B"—»Dr"
o signal flavour a flavour and tag-side B, x, B meson mixing ). BJr — Dop
*0 _|_
Pos® = <[1—af(a- Aw+ (1 - 2w) - (1 - 2xq))] 3 | 8" =D
2 -+ *O S
4 | B" =D ,0
e From fit get: &,,w, Aw, 5 | Bf - D" a1
o fori=1,7 bins (r=|1-2w|) | 1| D" 5K atrt
oy + 0 _+
e Closure test on MC ok % l 2 [T RE
. . Sl 3| Dt 5 Kntn
e Working toward a full fit S 4| Dt = Koatata®
0321 Plus neutral modes
© See = FBDT qrCombined
Psig = P(AE) x P(My|AE) x P(e, w, Aw, a, B) ——— FANN_qrCombined
—— DNN_qrCombined "
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Bl

Belle IT

0 0
Status of B” —1’K"
e 1'in phase 3
o N —on(—yy)a'a in MC12

12
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Introduction ﬁ INFN

o BR(B® —n' K%)= (6.6+0.4)x 107 B
0 -ALp=S.p (B®— n'K° )=0.63+0.06 R
e BR(B*—n'K")=(7.06+0.25) % 107° ‘ e Gl Belle 10.5 /fb
- T —

e Can it be seen with 10/fb?
o It was done at Belle, both for: /
= B":BR=(79'2_ 8)x 10°®
= B%:BR=(55""% x9) x 10-6\
m Limit for B —»n' z*

e Final states used at Belle

20

=

N
o

ents / (2MeV cz)

/
llvents / 20MeV|

o W op(—a'm)y  (4210evB*BY) Y | Tore
o N —n(—ovy)r'a (29/6 ev) Ik L 1
o N —n(—a'xa’) a'x notused jﬂnﬂﬂjﬂl”ﬁrf« o

Y MGV AE(GeV)

Shaded n' -y, white all (including ' —py) 13
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Plan (today) Bl

Belle IT

e Rediscover i and ' in all final states, and compare with MC expectation
e Study selection and efficiency for B -9’K°% in MC

o N -N(—-yy) T,

o ' - —atra®)

o N —p(—oa'T) Y
e Apply selection to generic Run dependent MC to check signal yield

o Setup and 2D fit on M, -AE for signal extraction (not today but ready)

Study Data continuum and side bands for background assessment
Repeat for B*
Document everything

Finalize selection for Data
o Review process toward unblinding

e Systematics and unblinding

Stefano Lacaprara, INFN Padova



n' rediscovery in phase3d (and 2) INFN

Belle I

1] —n]( —yyg}).n’.?t n' —>1|( —atral) nta '] _)p _’-71'-77)3’

"‘ I
. > Belle I 2019 Prellmmary
I Belle 1l 2019 Preli B F | ‘ B 8 w0
<Q [ -3 Data H elle re |m|nary 1 3 + Data + Belle 1] 2019 Prehmlnary ~ [ Phase 3 - exp 7+8
% 1000: — Fit Phase 3 - exp 7+8 7 (.2 250; — Fit { Phase 3 - exp 7+8 7: 8 3000/ Lat = 6.100 !
(6} T [ Signal fLdt=6.100 fb~' 13 C I Signal fLdt=6.1 fb" e =] E
S s~ Background 4 oS ?°F - Background + » B I as00F -
> L g [t jr P F
o C 4] — r . = E ™ i
= = 4 £ 150[ ; i & 2000 2 3
2 w0 18 " | & T
S r 1 W 1o0F- s ) B 1500 s -
D 400 (5.22 £ 0.16)10%candidates F {1:36.2 0.14)107candidates | = Yield = (5.40 +0.31)10%cands 1 Data ]
C U= (957.13+0.10)MeVic? ] #* U =(955.10 £ 0.59)MeV/c® | 1000 s = (953.8 + 0.4)MeV/c? ;Fn -
= . 50— = (8.93+0.69)MeVic - C b
200/ o=(312£0.14)MeVic? | F ] s .0 = (7:5£ 0-4)MeVIc? [ signal E
F m>0-40 GeV a o . | F E,>0.6 GeV E >0.6 GeV “ Background
L | S5F= T T T T — C
°E T T I 3 = = | ew o me . Dol oal e BE E = : e
_ 2F . P = 7 0 gl o T ) el st e o g e T e SE ‘ ‘ E
= [ — L L T ot 3 EE 2 8 s * .. E = He o . e 4, 3
o _2; od mr:w*. L | . rn :é |5= O.Jg?; ! \1 [— D:j Zim e g e e e R rE
0.92 0.94 0.96 0.98 1 M (GeV) _0 E L | | | L 13
M, en-(GeVic?) 85 09 0.95 1 " (Ge\})s
0, — —a*aa® and phase2 in back
o °—ypy, n—vy, n—aaxa’ and phase2 in backup
+ . 0 ] . BELLE2-NOTE-PH-2018-038
e Forp(—a"m)y applied ax’ veto: S/B improved

o  TreeFitter w/ mass constraint on n/7°, not on p
e \ery good agreement with MC: peak position, width, and yield
e At Belle width: 2.7 vs 3.12 MeV (yyax*x’) and 8.8 vs 7.5 MeV (py)

15
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Efficiency B —n'(—n(—yy) 72 )Ky(—a'x) @\l

e Signal efficiency and SxF varied a lot depending:
o MC campaign (simulated beam background)
o Basf2 release (issue and improvement on reconstruction, mostly tracking and vertexing)

MC Campaign/Release Efficiency SxF ag 8" RS B
MC7/Rel-09 (BZTIP) 23 9, 3.8 % 400 Good cands multiplicity: 1.26

) Best cands e: 0.378
MC9/Rel-02 22 % 6.7 % 000 Best cands MC true «: 0.338

- 5 Q § § g § =§Bes§ cangis Néc fal:se e: 0.040

MC10/Rel-02 11 % 3.5% ” _ : = : B
MC12b/Rel-03 19 % 4.5 % 400
MC12b/Rel-04 37 % 9.3 % 0 ip

Moy, Sk Rocy ke a5 Moy My K wp, . "% hE3 “H”*’a, T Vi, va,u C T
N\ "
Most € drop from

“ Best Cand -SxF BDT | 34 % 4.0 % ]
reconstruction

Optimized for Efficiency, not (yet) for SxF suppression.
Just using old (B2TIP) cuts, including SxF BDT (see backup) .

Stefano Lacaprara, INFN Padova



Pdf: Signal - SxF - Bkg - BB

150

125

100

75

50

25

0.4

0.3

0.2

0.1

0.0
=71.5

[ Signal
[ SxF

] Contiuum
[ Peaking

5.25 5.26 5.27

Mbc

5.28 5:29

L signal  Standard
1 SxF

[ Contiuum SuppreSSl
[ Peaking

-5.0 =2.5 0.0 2.5 5.0 7.5

csVar
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0.5
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0.3
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0.1

0.0

<o

INFN

Belle IT
[ Signal
] [ SxF
[ Contiuum
— 1 Peaking
P ﬂ_T’”
-0.10 -0.05 0.00 0.05 0.10
DeltaE
[ Signal
[ sxF
[—1 Contiuum
[ Peaking
SxF FastBDT
N
i |
—10 -8 —6 -4 =2 0 2
sxfVar
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Test on Run Dependent MC12d

L=10 /fb

1h,

/1 All

Background

Peaking
Signal

J}

L=10 /fb

e

5250 5255 5.260

5.265 5.270 5.275 5.280 5.285 5.290

0.100 —-0.075 -0.050 —0.025 0.000 0.025

:

1 Al
Background
Peaking
Signal

Al

0.050 0.075 0.100

Mbc DeltaE
1 Al gl ==
Background | 5 Background L=10 /fb
Peaking Peaking
Signal 4 Signal
L=10 /fb 3
2
s i
° -2 0 2 4 6 ° -4 -3 -2 -1 0 1 2
csVar sxfVar

Stefano Lacaprara, INFN Padova

D
o

Belle IT

INFN

Continuum (+7) + BBar
L=10/fb

DS Exp’d  Seen
Signal | ~10 3
Bkg ~100 | 40
BB ~3 1

A quick test, much to
be understood yet.

Data still blind
Will look at SB and
continuum

18



Summary Bl
e TDCPV WG plan for Moriond

o B? lifetime with hadronic modes

©)

Belle IT

First TD BO —K°.J/y measurement

e Rediscovery of hadronic penguin B® —1'K°

@)

O
O
O

Very good 7y’ signal seen on data

Very good efficiency with release 4

First test on Run dependent MC

Difficult for Moriond

m Short timescale and personpower issue: will try anyway.

19
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<o

Belle IT

Backu

<R

AS REQUESTED, I FIT
MY PRESENTATION ON
ONE POWJERPOINT
SLIDE

Stefano Lacaprara, INFN Padova

o

sconade~s ® pul

www dlibert.com

I HAD TO USE ALL OF
THE WHITE SPACE, BUT
I THINK IT WAS WORTH
IT TO FIT EVERYTHING

ON ONE PAGE.,

J208 22000 Scott Adama, Inc /Owt by UFS Ine

ITS ACTUALLY ONLY
ONE BULLET POINT,
BUT IT'S A LONG
ONE.

-

[
- i"‘_‘_l
! vi L‘
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. . D
BY lifetime measurement ¥ (iNFN

Belle IT

e Measurement of B meson lifetimes with hadronic decay final states

o Phase lll data,
o IPHC Strasbourg, Reem Rasheed et al
m BELLE2-NOTE-PH-2019-017
m Status: in review by conveeners, soon to go to RC
e No flavour tagging needed, simple Dt resolution function
o 6 fully reconstructed hadronic final states. In common with BToCharm WG

0
« B° channels : D? channels Decay Selection efficiency |, s, (statistical) %
= BY 2Dp* - D ~ KTt i %
0 = 1 :
- B> D, D~-D°mr D Ko n’ B> D-#t 20 0.04
0 e D - Kmmm z -
= B D", B2 D pt 10 0.03
- BY — D*p* PR— B® - D*-rt 22 0.043
- B°- D*al* ‘} e B Dt 3 0.025
BY = D*a, 6.6 0.019

BO%-> D a,"” excluded due to hig background
21
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At model and fit (MC only) BIaE

Belle IT

. | 1 |At|
e Convolution of physics Pun(At) = o, P ( — —g—)
e And resolution function

+oc0
Pig(At) = / Puin(At') Raig( At — At')dAL.

e Not using the event-based uncertainty 3
o No dependency of Az residual on At,, . 5
e Simplified model: )
o triple gaussian separately for signal and tag side g |
. . O
o  For signal, continuum, BB < *+*+*+~““‘~‘.i+++++*+ !
1400 w0 —1
1200} _ 700
§ 1000 |- ;E’ zzz 21
§800_ §4oo ) RIS NI RIS ARV AU WAV AR
_‘?’500’ Téaoo -8 6 -4 -2 0 2 4 6 8
g g = AtMC [cm]
—%.02 -0.015 -0.01 —0(;05 . (‘J - 0(;05 0.01 0.015 0.02 —%AOZ -0.015 —0i0.1 —0:805 6 0.(;65 0:)1 0.0L15 0.02 22
) zsig(cm) 8 z,,4(cm)

Stefano Lacaprara, INFN Pauuva



Signal in MC and Data BICR

Belle IT

e 2D fit on Mbc and DE with signal, BB, and continuum contribution

2D Fit Projection on Mbc 2D Fit Projection on A E g F
- - g S Belle I Exp 8
é 4000 % g . 2019 (preliminary)
< g 2 4o i e data
5 3500 b4 - Ldt=459fb signal
§ 3 E BBbkg
G 00— 2 300— «+s CONtinUUM
2500— = E
c 0=
2000 r
1500/ 100:—
1000 E ot Aras-Rer S Te
E G 2
500}7 52 521 5}2‘ 52L§ 524 5.%‘5 52L§
5? - g.2| - 522 }).23 524 5[25 526 527’““ 5‘28" ’"”529
M,. (GeVic'2)
o T4 It T
E 1 | ¢ 1] L4ilhet, 414
E7 Iti1d] LEoalbn, odtode s DU
st 'H‘* ! *._‘.,'}fr t it IREIRe!
Bl Ly 3 bt + T
R : ! +

e In data (exp8 only), O(1000) candidates
e C(Clean signal
o fsig~53% in signal region (0.4 for MC)

23
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At model and fit (MC only) BIaE

Belle IT

. | 1 |At|
e Convolution of physics Pun(At) = o, P ( — —g—)
e And resolution function

+oc0
Pig(At) = / Puin(At') Raig( At — At')dAL.

e Not using the event-based uncertainty 3
o No dependency of Az residual on At,, . 5
e Simplified model: )
o triple gaussian separately for signal and tag side g |
. . O
o  For signal, continuum, BB < *+*+*+~““‘~‘.i+++++*+ !
1400 w0 —1
1200} _ 700
§ 1000 |- ;E’ zzz 21
§800_ §4oo ) RIS NI RIS ARV AU WAV AR
_‘?’500’ Téaoo -8 6 -4 -2 0 2 4 6 8
g g = AtMC [cm]
—%.02 -0.015 -0.01 —0(;05 . (‘J - 0(;05 0.01 0.015 0.02 —%AOZ -0.015 —0i0.1 —0:805 6 0.(;65 0:)1 0.0L15 0.02 24
) zsig(cm) 8 z,,4(cm)
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Lifetime extraction

e UML fit on At with full pdf

o Fixing some parameters from MC

e Teston MC 80/fb
o Data stil blind

Psiy(At) -

+oc

Bl

Belle IT

Pall(At) — fs Psig(At) ¥ jbl—, PbE(At) &3 (1 Gl fs s fZ) Pcont(At)'

Pun(At) Raig(At — A)AL.

—00

R.,,g(Af) — fsl N(At /-lew 0.91) =+ st N(At /1'32s 032) A= (1 = 4 fsl = fs2) N(At 11'31%(733)(4)

Stefano Lacaprara, INFN Padova

Js1 0.4+ 0.05
ps1 |—0.0091 %+ 0.09
Os1 0.451

fe2 0.45 + 0.054
Hs2 —0.34+0.11
052 1.23

fs3 1= fa—fe
I3 ~0.8+0.21
053 4.09

TRo 1.52 +0.019

Working on
systematics

Target:
Moriond

25



Flavor tagger validation

e Use fully-hadronic self-tagged B°® decay
e Use Time Integrated PDF

signal flavour a flavour and tag-side f

%[1 _ Ot,B(a - Aw + (]_ — 2’lU) : (1 - 2Xd))]

(@)

=

€ Tagging efficiency
w wrong tag probability
Aw (B vs Bbar w)

a flavour of signal side B (self tagged)
f flavour of tag side B (flavour tagger)

X4 B meson mixing

From fit get: e, w, Aw.
o fori=1,7 bins (r=|1-2w|)

Stefano Lacaprara, INFN Padova

Fernando (TS)
Colm (IPMU)

D
]/ INFN
Belle IT

Control Samples (same as ©(B°)

1

Bt > D nt

B W NRITOT & WO

Plus neutral modes

26



Results on MC: total effective eff

On MC: testing fit machinery
Also €,w., Aw. measured
Good match with MC truth

0.37

0.36

0.35 4

el -2w)?

0.33

0.32 1

031

0.34 4

°
T T T T
& o D o) D
o"o @ @z \‘\(, (oz
< & . +\ &
& ™ N
Method

—— FBDT_qrCombined
——— FANN_qrCombined
—— DNN_qrCombined

Stefano Lacaprara, INFN Padova
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Write 2D fit for with components for

signal, continuum and BBar

Psie = P(AE) x P(My.|AE) x P(e, w, Aw, a, B)

Xl S ¢ LeooF [ e v
O 4000 % > i
oo} it & 5000 it
E o |-e-ri L E |-t i
83500 Fit Hn 0 $is
S 3000 f Hi S 4000 | fd
= 2500 F HH J ]
2 ok A . S 3000 1
g i1 Signal :
11 1500 | 1 £ 2000 H
N 3 .
1000 4 v H 1}
¥ > §
500 .4/} 3 e ¢
0 1 1 ’
° aF o
.§§ 2E, _g%
2 0 =53
EZ2F EZ 2F Y
5 Eg -
2 o S 537527 520 523 524 525 526 527 528 520
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MPI fit method

Bl

Belle IT

UML fit for TDCPV assumes that At resolution is independent on measured
parameters and efficiency uniform in At, At_ . What if not.
Reweight MC sample to get pdf of each event, instead of a analytic common

o MC/Data discrepancy are cured by smearing MC quantities At' = At __+ G(a - 5(At )

re rec

o Use control sample (no CPV) to get a (smearing factor) from data

o
o
pdf (eg tri-gaussian)
m a can be extracted from the fit
o

Same fit to extract ©(B°) ¢(B*), dm, S, and W, Awi, as well as smearing factor
o Tested on MC12b (MC vs MC, no smearing needed not found)

o And Belle w/ B2BlII S T(ps) om(ps1) Qsmear
o Strong correlation T - A assistive MC 0.69 1:535 0.502

Belle data J /v (jup) K2

1 par. MPI TDCPV | 0.595 i@ 1.525 (fized) | 0.507 (fized)

Stefano Lacaprara, INFN Padova

3 par MPI TDCPV__| 0.586 4 0.042 | 1,641 0.030 | 0.543 +0.039 —
4 par. MPI TDCPV  (0.620\ 0.046 | 1.536 £ 0.049 | 0.554 +£0.041 [0.71 £0.13
PRL (2012) J/y K% \0.670/+0.029)] 1.525 (fized) | 0.507 (fized) 28
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Final states considered (Belle)

o 1 —nr'w : BR=42.6%

Mode Ng Y  €(%) €Bg(%) BF(107%)
°  n—yy:BR=38.41% — o T
o N —ara®:BR=22.94% KT 288°c7 94 2T 376 69715
o 1 —p(—a'7)y: BR=28.9% K+t 42531 75 142 418 92t
o Including non resonant x*zy , i i
° KOS —>JZ+.71— - BR=69.2 % Myan T 0.0_0.0 0.0 23.7 4.11 -
npymt 00730 00 154 455 -
In Belle, most of signal comes from anE? @42 35 B 15 46150
o N —p(—a )y n,,k® 10173 40 115 116 24 s

n —>.71+.71"Jt0 was not used in this analysis,

only 1 —yy

Stefano Lacaprara, INFN Padova
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y in CDC volume
N, . >1.5

hits

E4/E,,>0.9

Ey>120 MeV

Phase 2

Phase 3

- Belle 112019 Preliminary |
1000 —Phase 3 - exp 7+8
| [Ldt=6.100 fb~'

800
| (21582.61 + 12.65)10%candig

600 —4 = (132.135 + 0.004)Me V/g

Events / ( 0.0004375 GeV/c 2)

[—Phase 2 - exp 3
C [Ldt=0.495 fb~'

(1625.89 + 3.25)10%candidat
1 = (132.447 £0.012)MeV/g,
o = (5.300 + 0.009) Me Vic
E,>120 MeV

0.1 0.12

© Belle 12019 Preliminary |~ _

L 1000i
- 0=(5.742+0.003)MeV/g* E u =(133.692 + 0.002)Me V/c?
400|_Er>120 Mev g 800 —0¢ = (5.270 + 0.002) MeV/c?
b C E,>120 MeV
l ] 600 —
+ 200 B TV —
= ] B
2 0 200 —
0.1 0.14 0.16 -
] M,(GeVIc?) ¢ 0.1 0.12 0.14 0.16
E M,,(GeVi/c?)
; e Fit Novosibirsk + chebichev(2)
E e Peak Shift 1 MeV between Data and MC12d
E e Width 5.3 vs 5.7 vs 5.3 (phase 2, 3, MC)
0.14 0.:16
30

M, (GeVic?)

I
—+ Data
— Fit
[ Signal

~— Background

Events / ( 0.0004375 GeV/c ?)

D
o

Belle IT

Run Dep MC12d

INFN

>—<1 03\ T T T T T T
- Belle 112019 Preliminary ' ~
1600 —phase 3 - exp MC12d + ?a‘a
E -1 — Fit
1400 -/L0t=10 fb I Signal
—— Background
1200

(33667.65 + 13.57)10%candida

\\\‘\\\‘\\‘\‘\\\‘ll\‘llllllllllllli\
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Lvcliito /| V.UUc JTV/L )

Belle IT
7% = Bellel 2019 Prelithinary | . s ] £ F Bellell 2019 Prelithinaty ' ' _| R 3
[ Phase2-exp3 + F,“ B ) C —3— Data .
6000 — 7/ gt = 0.495 fb~' ; S?gnal — 3 80000 — Phase 3 - exp 7+8 e —
E 7 Bsaround ] © £ [Lot=6.100 fb™' ; 3
5000/ e O 70000 JR g0t =
C = [aY] E ++= Background =i
4000 F e 4 8 eoo00fF- —
= ] o v 3
3000 P h ase 2 = < 50000 =
: £ Phase3 ]
2000 40 21 + 0.58)10°candidates B S 40000 ase —
[ p=(542.90 + 0.27)MeV/c? : Lﬁ C |
10005 _ (13.33 + 0.19)MeV/c? — 30000 — =
[ E,>400 MeV | [ O
Er L ] 20000 (62827 £2.12)10°candidates E
. _ 3 T 1 =(540.57 £ 0.08)MeV/c? ]
] L I Y 100000 = (13.69 £ 0.06)MeVic? =
= P . % 8" £ E>400 MeVv -
045 05 055 06 0.65 C . x10°

M, (GeVic?) e ——— I S 120 — Belle'll 2019 Prelirinafy ' T =

— = . . et § L Phase 3 - exp MC12d proc9 + E.?ta |

= B o aitelilee | W L _ 1 —Fi |

& 0y e el ’ - e 8 100 /Lat=10.000 1 . Signal =

= [ R ! [w | R | L “ Background 7]

045 05 055 = - i

S t as fi 0 o ¥ ) B

e Same cut as for 7° —py s *F ]

e i -

o E_>400 MeV 2w MC12d 7

S L i

- H > [ 7

e Peak: +5 MeV in MC phase3 e ]

. . [ (553.76 +2.38)10%candidates ]

e Width: 13 vs 14 vs 12.5 MeV (phase2, 3, MC12d) o= (545.14 008 Mevic? B

I o=(12.38 £ 0.05)MeV/c? -

o At Belle (1 0.5 /fb) © E,>400 MeV .

N 0 1 I | I I 1 I

o n —yy width was 12 MeV/c? ST T T T T T

3 E B P X e e o Tl

a O e s ST

—5:— 1 ° 1 1 ‘ 1 | \’ 1 ‘ "l 1 (i ‘ 1 1 1 | —:

0.45 05 055 06 0.65
M, (Ge Vic?)
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n —a*aa’

1000 T

<o

Belle IT

o i Belle Il 2019 Preliminary +‘ [ o 14000 Belle Il 2019 Preliminar -
< % Data . r elle e ary 3
% L Fit Phase 2 - exp 3 ; 1 <§ 120007%:3;':6‘ Phase 3 - exp 7+8 A i
G s0f : " ] > F— -
= . signal #iA ‘+‘ 1 B - Signal ]
S wf 1§ 'L Background E
= 1 S - ]
£ C [Ldt=0.49"" 1 T 800 -
g o 2 C [Ldt=6.10b"" ]
O 5 (4.4 + 0.4)10%candidates ] © 6000 — i
K K= (544.3120.36)MeVic? 4 i (68.2+0.9)10%candidates |
Phase 2 0057047 MeVict w000~ - (544,805 0.09MeVic?
r U i ?hase 3 \ 0 =(6.76 +0.10)MeV/c? ]
= S ——————— “F E.>0.30 GeV E
E 2;.‘:-'7.:' Tectle 2 e .‘_,-, .‘%,m Jo LN '.::‘". T, '_‘E 07 M | [ | »’ | ] | 1 | Bl

e F e = | " - R T bd q,. "E i\ T T T T T T T T .\ T ",’m‘ .\ Cll r - -

05 oke - oks ok o ds S sinﬁ:,,.“ PO PSP, o P P 220005!%1‘3&; [ ! ' Belle 11 2019 Pr‘elin‘line‘ary[ =

M, -nol GeVIC?) o LE ‘™ .~‘ R 7_, -] | * :" § 20000 Fit Phase 3 - exp MC12 =

0 05 osz oS 056 05§ 1a000f : =

E I =

o T oYY Mo 2 16000 :Ecnki;round E

o E_>200 MeV, 110<m__.<150 MeV, = S-S E

4 70 — g g

o " P(1%)>10% dr<0.5 cm, |dz|<2 cm 2 ol Lt = 10.0016" E

0+- S =5 =

® p(” )>300 (I)VIeV ) L% 8000; MC12d (77.0 £ 5.0)10%candidates E

e TreeFitter, #° mass constraint i3 e 2

e Peak: +2 MeV in MC phase3 . \E>0.30 GeV E

. . £ | | RN J 3

e Width:7vs7vs 6.4 MeV (phase2, 3, MC12d) S S SS T EEEE

= Ee e fer D .t wm«.. ”m».'..,:mu..w N =

o Not used at Belle (10.5 /fb) € CEE TR T T ST

B ‘o.gz‘ : lo."54‘ ' ‘oA‘sel : ‘0.‘58‘ s

M...-o(GeVic?)
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Belle I
x10°

< " Belle 12019 Preliminary ' ‘ —~ Haiis] T Co - —~

L i & . -
o D N = Belle 1 2019 I’reluﬁms\'y B ~ 4000 T T T T T T T T T T i T ) T T
S 1000 —Phase 3 - exp 7+8 + Fata S 0000 Phase3-exp7s8 3 Ei::ta 3 S "+ Data ::Ile II32019 P;ellamlnal’y i
— Fit E - 1 — E N F ) ase 3 - exp 7+ B
8 L [Ldt=6.100 fb~' anal 4 & 70000i/Ld" 6100 o [ Signal = 3 12000 — Fit P, ” -
L [ Signa i o~ E = Background B 0] |- Si | a
R go0 ~~ Background | S E = = o000k - ignal B
Q L i S e E B | =~ Background ]
o = = g - g o - -
=4 L (21582.61 £ 12.65)10%candig i P ] = 8000 -
o 600 4 - (132.135 £ 0.004)Me V/g ] § 40000 — = 2 SOOO? [Lat=6.10m™ ]
~ - 0=(5.742+0.003)MeV/g . W eool 3 2 > S ]
2 " E;>120 MeV : 8 . E a b (68.2£0.9)10°candidates |
ch 4007 20000;(528.2712.12)10 candld.:res 3 4000 I 1= (544.80 + 0.09)Me\//02 8
Lﬁ - u=(54o.57to.os)MeV/z ] r 0 =(6.76%0.10)MeV/c? ]
= 10000 ;: :4({1):;:;;3 0.06)MeVic 3 2000 - >0.30 GeV |
200 F = F ]
0 |
S - = o e
= = fina T PETE o s S _ 2 —=
S 0 ot o mitelme S r ol = Es. 'E|
o L q”m 3 ._‘w."- = a [ ™ T P E N P wE
0 0.14 0.16 =0 N T (i D= S SbEa. IEEE AN
2 - : : : g 05 052 054 0.56 058 0.6

M, (GeVic?) My,(GeVic?) M. o(GeVic?)

e Good signal also in Phase2 (see backup)
e Good agreement with MC12d MC (run dependent)

o For position, width, and yield
o  Width for n —yy at Belle 12 MeV (Belle2 13.9 MeV)
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(5.22 + 0.16)10%candidates
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<2 © -} Data Belle Il 2019 Preliminary J [ 3 Data H Belle Il 2019 Preliminary
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S 100 N sool 7 Background
= . Phase 2 ER
e -« Phase 3
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20 T -] L '+
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092 0% T
+/-
e yand x™" as before

o 480<M <580 MeV, E >400 MeV
p(7/)>400 MeV
TreeFitter with n mass constraint

Peak: same in data and MC
Width : 3.0 vs 3.1 vs 3.1 (phase2, 3, MC12d)
o atBelle (10.5 /fb), width was 2.7 MeV
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TreeFitter with y and #° mass constraint
Peak: same in data and MC (lower in phase 2)
Width : 6.6 vs 8.9 vs 9.3 (phase2, 3, MC12d)

[
L

I
Belle Il 2019 Preliminary
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U =(955.10 + 0.59)MeV/c?
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o Not used at Belle (10.5 /fb)

o  &(37/2yp)~0.5
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Yield (/fb) (32/2y)~0.23/0.85 ~ 0.27 - BR(37/2y)=0.6
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SxF Mitigation: fastBDT o

Almost 100% of SxF from n( —yy). N’ vertex variables

I signal
3 sxF
1 signal = signal b
30 I sxf 10 1 sxF
25 . j
20 100
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SxF FastBDT output
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06 { =3 Signal ] .
= Sorting Candidates by SxF FastBDT
=1 Contiuum
05 4 , Which candsgqr?ﬁg p.y(ﬁp:f‘bgt) is mc true
Continuum as SxF! E N
0.4 4 soof- D position of true cand
0.3 m%: % # good candidates
021 . MC truth cand is typically the first,
L.l 4 |ie.best SxF fastBDT
01 g T/Ez
00 L= . B°-GfPS o)
1(-300‘i
Good cands multiplicity: 1.26
. 0O_ 0o 1400
Selection Efficiency | SxF o Best cands €: 0.378
1000 Best cands MC true <:0.338
A” CandldateS 370 % 930/0 g g g 5 ” Best cands MC false <: 0.040
I
Best cand (SxF FBDT) 33.8 % 4.0 % e
400
. . 200
Need toys to understand which is better : !
Teu St Focy a“* oy Py Moy % % ”"‘m%zvfkrp.va/‘:;m o
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Correlation (for signal) BICR

Belle IT
Mbc

Correlation M, _ vs AE 5 sk >k >k kK kK

0.13: know issue os| M.

Cont suppression ON DeltaE

AE vs SxF symmetric 6o
correlation

—0.1 csVar

Mbc vs SxF small 0.09

sxfVar

SxF
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