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Introduction and motivations INFN

A sensitivity study for Time-Dependent CP violation analysis in the
B® — n/KOchanneI, a charmless b — sqg decay J

@ CP asymmetry from time-dependent decay rate
into CP eigenstates;

© S, 0=sin2¢5" tightly related to sin2¢
n K 1 1

» identical if only penguin diagram were present;
» QCD factorization:

[willi d Zupan(2006)] MK Sep
AS 0 € [-0.03,0.03]!emson and Zupan
’r] PRD 79 (2009) 05200
» SU(3)f approach: Belle : osg0072008
AS e c [_005’ 0.09][Gronau et al.(2006)] JHEP 1410 (2014) 164 '
n } _ . Average 06320.06
HFAG correlated avergge
» new physics can enter in the loop, shifting ASn/Ko omevoe T

more than SM expectation
@ actual uncertainties 0, = 0.07, 0, = 0.03(F<o)]

o projected for 50 ab™! o, = 0.008, 0y, = 0.008 ")
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D )
Current results aFN

. BABAR Bell , Bell
@ Channel have been analyzed in B-factory' (2009). Belle(2007). Belle(2014),
> |arge BR: BR ~ 6.6 - 10_5 [CLEO(1998)] constructive interference between penguin diagrams

@ analysis based on quasi-two body approach;
@ uncertainties are mostly statistical (~ 3500 events for all final states);

> sin2¢5" = 40.68 = 0.07 = 0.03
» syst: +0.025 from At resolution, £0.014 from vertexing, +0.013 from n'KS

fraction;

many decay channels available BY — n’Kg
decay channel

/ 0 Ere— o
—p (=T BR=29% [t e _
A wilR 29 [ per
e 45% 0_. 00
Ny n—y 40% Kg o
° 3% Ki [oot 3ot

+ —
N\ 35 n—mT T T

By — 1/ (=n,. /nayn 7 )K® BR=27Y%

@ Complex final state, neutrals, large combinatorics;

@ no competition from LHCb (neutrals);
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D . )
-® Selection INFN
Belle I L/
candidate selection: main cuts
@ Reconstruct decay chain with mass constrains for 7°, n 1, Kg,
vertex only (w/o mass) for BY (more later)
m N, - T/3TF7T+7T72
> 0.06 < E, < 6GeV, Ey/Ey > 0.75 » M(n') € [0.93,0.98] GeV;
0 —
> M(x°) € [100,150] MeV Ko
> M(n,.,) € [0.52,0.57] GeV; > M(K2— n7n7) e [0.48,0.52] GeV;
N 0t—
m— 7],),7,7T+7T7: mB ' (= 77777T+ ™ )Kg
> do(ﬂ_:t) < 008mm, > Mbc > 5.25 GeV;
2(7F) < 0.1mm; > |AE| < 0.1GeV;
» N hitspxp(7F) > 1, PID B B (= neenta )KAT
> M(n') € [0.93,0.98] GeV; > |AE| < 0.15GeV;

if Neypgs > 1, select that with best reduced X2 for n, 1, K(S) inv. masses
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Belle I

Mbc

. - . . _ +_
K= Signal distribution B° — i/(= n, 7" 77 )KS

Best candidates, after selections

B - n'( n. mm) Ko(m'm)
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Mbc

- - . . _ +_
Py Signal distribution 8° — /(= n3, 77 )K2 INFN

CTX8 Best candidates, after selections (G

)

B _n'(n. mm)Ko(mm)
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Efficiency and combinatorics INFN

Final state with Kg —atr

B® = /(= maam T m )KY
Efficiency %
MC true 12.1
SXF 3.1

1.45 good cands per event

B’ — n'(— 77,7,77r+ 7r_)K[5)+_
Efficiency %
MC true 29.4

SXF 1.1
1.06 good cands per event

Eff drop due to 7° reco, likely to improve

Final state with Kg — n%x°

0 —\ 000
BO — ,r’/(_> n e ﬂ_—)K(s)OO B" — 77/(_> 7737r7r+7r )Ks
Yy

Efficiency %

.« . 0

I\;E(f:hc-encylﬁa MC true 6.0
true 3.5 SXF 3.8

SXF 2.2

30 good cands per event

5 good cands per event not used in BaBar/Belle
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P ) . )
Vitx reco and At resolution: 7. channel NN

@ Fit the B, vertex from charged tracks; (7 from /' = nr=, n — 7= 7°
@ add also constraint from reconstructed Kg direction; (K2 — 7tn7)
© add also constraint from beamspot, only on transferse plane.

87 n,, M KI(T) X Tndt w7111 8 -n(n,, W KM X Tndt 2531191
Prob o oot
o Fit . nom 630404 £ 8.0e+01 Fit | 1550109 1 1240001
£ . Core P omor socozs - Core owrsoa
O e e, ot somes Tail oo
F |- outlier o 163 2001 - Outlier Lars02
15000 Bias, 0132 £0015 Bias, 0107 £ 0080
3 o 245 2003 ssiois
C fe 0.344 +0.005 fe 0.393 £ 0,041
10000~ " 0443 40003 " 0393 0028
£ 6’3 At: 1.89 ps At 1.62ps
E ,a(\ Bias: 0.01 ps Bias: -0.02 ps
5000 j%&
955 RN
° ® seay, 5) Bt 6)
B°-n(n,, M) KT X ndt 1020403 /191
40000 Prob 0
E Fit . norm  6.16+04 +7.8e501 0
35000 Bias;  -0.0399 £0.0013 5
oo e With beamspot (x, y) & Kag:
30000 Tail Bias,  -0.0704 200036
E - Outlier ar 114 £001 ..
25000— Bias 0.429 +0.018 N ff |
E o o1 00 O erriciency 10ss
20000 fe 0.565 +0.005 . . a .
sso0E- P32 " omom substaintial improvement in At
E %% At: 0.91 ps
E Bias: -0.02 ps luti
BN resolution
BN
S - 1.89 — 1.62 — 0.91 ps
=10 -8 -6 -4 6 8 1
At (pS)
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D : i R,
Vix reconstruction for B — 1/ (— 13,7 7 )KS JNEw

8% (n,, 7m) KI(T)

16000F =
14000 -+ Core
12000 Tail

£ -+ Outlier
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E % 2152003
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E [ 046 £001
6000~ 63( At: 1.25 ps
4000 &’a(\ Bias: 0.02 ps
2000}5

Bt L

ATE T 6 7

NG
At-Bty, (pS)

With beamspot (x, y) & Ke:

No efficiency loss
1.25 — 0.88 ps

BN (n,, 1) KI(tT)
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Prob o
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& 1.07 £001
s, o7 200
% 288 £002
o 0.565 +0.007
r 0.342 + 0.006

At 088 ps

Bias: -0.01 ps

s
SF
A

NG
t-Bty, (PS)
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Comparison with Belle I

Comparison with Belle
@ Not been able to find At resolutions numbers for Belle, only RMS

o Belle has 4 different events categories, depending on vtx quality
reconstruction
° 77"/‘1
Belle RMS: 1.57 (/2.67/5.16/4.52)
Bellell (this study) RMS: 1.12
® N3.
Belle RMS: 1.2 (1.22/3.18/5.9)
Bellell (this study): RMS: 1.10
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D )
Backgrounds (NN

o Combinatorial: from continuum background e e~ — ui, dd, s5, c¢

» evaluated from M, side bands on real data

» now from MC production

» use Continuum Suppression variable
* multivariate variables sensitive to event topology
* central (signal) vs jet-like (continuum)

Peaking: any other B decays possibly with real 7’ and/or K(S)
» evaluated from MC of generic B’B°, BTB~
* actual B — n'KO removed.

Current results based on BGx0 production, namely w/o machine
background

» impact of machine background under study

(almost) solved skimming problem for mixed and charged

» harder cut on skim selections
» now L ~ 800 fb™! for all sources (was ~ 200fb ™" for mixed/charged)

Next table numbers before Continuum Suppression cut

S.Lacaprara (INFN Padova) B — 'K WG3 18/05/2016 11 / 23



D ) )
Background reduction (before CS cut) NP
Sample ut  dd S5 c¢ | contiuum | B°B° BB~

Input ev (M) 1284 321 306 1063 2974 429 420
B® = #/(— 77W7r+ wf)Kngi

€e -107° 260 3.06 240 3.62 3.0 0.13  0.043

ev for 300 fb_:l 1247 369 275 1445 3335 22 7
B — /(= napmtm )RS

€e) -107° 0.34 054 0.17 150 0.76 0.14  0.02

ev for 300 fb_1 166 65 20 597 847 24 3
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<o
Belle I

Background distributions

Best candidates, after selections
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Background distributions INEN

Best candidates, after selections (5
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-D 5 o
Continuum suppression INFN
Belle I (%
B~ n'( n(yy) m'm) KY(rm)
150 } Background rejection versus Signal efficiency TMVA
E c 1r T T ]
L 2 E ]
3001 S oof 4
E [ E
2501 2 081 E
£ 5 E ]
r e o07f -
2001~ 2 E E
g & o6f .
150~ £ ]
E 0.5 |- ]
100 0.4 — ; ; \
E E MVA Method: H
501~ 031 BDT E
E Py U PR P P P IS IR WS I PO
0 01 02 03 04 05 06 07 08 09 1

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

BDT
Working points

o Tight BDT > 0124, Es,'gna/ = 50%, (1 — ebackground) = 975%,
@ Loose: BDT > —0055, esignal = 95%, (1 — ebackground) = 58%,

@ no cut: just include the BDT in the likelihood not yet

Signal efficiency
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Likelihood fit aFN

Multi dim. extended maximum likelihood fit to extract S and C.
Pi=T; (At', UIAt?UICP) ITe Qujlxk)
———

time integrated

Pdf is of the form:

, taking into account mistag rate (n; = £1 is CP state):
—|At|/T
f(At) =

{1$Awi(1—2w)

T

x [ —neSssin(AmAt) — Crcos(Am )]}

Parameters:

iabl d, in addition t : : .
variables (x,) used, in addition to o effective tagging efficiency:

o My, Q=e(1-2w)*=0.33

o AE e w=2021, Aw =0.02

° Mﬁf removed, not useful e At resolution as shown previously
e Cont. Suppr. not yet convoluted.

o 7, Am from PDG
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PDF fit results examples INFN

AT M, AE
Still problem to fit the continuum suppression variable: very spiky
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D )
Toy MC oo

Testing fit machinery with Toy MC;

Yield estimated for L = 300 b~

width of distribution related to the expected statistical uncertainty;
check also for bias (RMS//Niys)

Toys now are converging, fixed problem with At resolution

input CP asymmetry parameter: S=0.7 C=0.0

e 6 6 66 6 o o

testing two different CS scenarios:
» Tight

» Loose

o Partially embedded toys

» Signal and SXF from MC;
» Continuum and Peaking background from pdf;
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Belle IT

Tight: €sig,sxf ,peaking —
s:g = 195, Ns f = 8, Ncont = 83,

- Toy results B — 7/(— 77777T+ T )Kg+_

0 _
50%’- €continuum =

Tight CS jwrw

2.5%

Npeak = ].5

Toy results - dtSig_S Entries 1000 Toy results - dtSig_C Entries 1000 Toy results - nSig Entries 1000
Mean 0703 £0.0079 Mean 00103 +000530 L0 Mean 195 + 0.403
80
70F StdDev 025 +000559 SdDev 017 £000381 1200 StdDev 127 + 0285
70
60~
sof 100f-
50
s0f- 8ol
40
40
60
30F 200
.
200 20 °
10F 10E 200
AR PRI | 1 | I | ! TTTTEETY vt (T ST
b2 0 02 04 06 08 1 12 14 16 =06 -04 -02 02 04 06 50 100 150 200 250 300 350 400
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s (0.

7)

C (0.0)

nSig

0.703 £ 0.008
0.010 £ 0.005
195.4+0.4

B — 'K

0.25
0.17
12.7
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Toy results B® — n(— 77777T+ 7r_)K2+_Loose CS

Loose: €5 oxt,peaking = 9570, €continuum = 42%
NSig = 390’ NSXf = 141 Ncont = 1400, Npeak = 28

Toy results - dtSig_S Entries 1000 Toy results - dtSig_C Entries 1000 Toy results - nSig Entries 1000
Mean 0703 £000572 Mean 000108 = 0.00441 Mean 390 + 0.804
80F- 90F-
StdDev 01814000405 StdDev 0139 4000312 120F StdDev 254 + 0.568
70F 8o0F
60 70 100F
50 60F 8ol
505
40F
20F 60|~
30F
30 40~
20F 208
10F 3 20
| |
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Bias

RMS

| | | | | |
100 200 300 400 500 600 700 800

S(0.7) 0.703+0.005
C (0.0) 0.002 = 0.004

nSig

389.8 £ 0.8
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25.4
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)

D - e
Toy results B® 77’(—> 7737T7T+7T )K(S’ Loose CS INFN

Loose: €sig,sxf ,peaking — 95%, Econtinuum =42%
Ny =106, Ny = 25, Ncont = 360, Nyopy = 27

Toy results - dtSig_S Entries. 995 Toy results - dtSig_C Entri 905 Toy results - nSig Entries 995
Mean 0708 £0.0105 Mean 000127 000785 Mean 110 + 0587

501 a5F
StdDev 033 £0.00742 501 StDev 0245 2000555 StdDev 185 + 0415

40 H

35

30F

25F

20F

Il Il Il Il Il L i
-02 0 02 04 06 08 1 12 14 16

Par Bias RMS
S(0.7) 0.708+0.010 0.330
C (0.0) —0.013+0.008 0.246
nSig 110.2+0.6 18.5
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Comparison with Belle/BaBar

This analysis™

Belle[BeIIe(2014)]

)
INFN

(G

BaBar(BABAR(2009)]

mode (340 M B B) (772 M B B) (467 M B B)

n = Win Nsg 05 Oc Nsig Os Oc Nsg  oc Os
n, K& 390 0.18 0.14 | 648 015 0.098 | 472 0.17 0.11
0, K" Just started | 104 0217 018" | 105 034 030
N3, KS 106 033 025| 174 026 018 | 171 026 0.20
715, K2 Will try Not used

n — ponyS Not yet 1411 0.098 0.069 | 1005 0.12 0.09

n = pyKe Not yet 162 021" 018" | 206 033 0.26

*Very preliminary estimate based on toy MC, L = 300 !

Warning: no machine background yet

"Results combining 17/ — winw and 17/ — po'y
TODO: toys with Belle statistics for direct comparison
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D )
¥ Summary (NN

@ First presentation on sensitivity study for CP in B® — n/Kg channel;
@ not complete, yet, but preliminary results are encouraging;

comparison with Belle and BaBar results looks fine;
@ many thing to do:

complete Kg — rtrT channels;

study Kg — 7°7° final states;

+— . 000

add ' — pPvK2" /K2 channel;

systematics uncertainties evaluation;

documentation

More results (and work) for next B2TIP workshop.
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D .
Selection

q . _ do—
good candidate selection B — n'(— n,y,y7r+ 0 )Kg

Reconstruct decay chain with mass constrains for 7, 77, Kg,
vertex only (w/o mass) for B

By -y

» gamma:all: 0.06 < E, < 6GeV,
—150 < C/ustime <0, Eg/E25 > 0.75 KO — 7T+7T7:
M(n,~) € [0.52,0.57] GeV; K_SO:mdst

vV vV vV vy VY R Y

>

7 — 7777,7#7?7:

pi:all

Alog L(m,K) > —10; new
do(7) < 0.08mm;
2(7*) < 0.1mm;

N hitspxp (=) > 1

M(n") € [0.93,0.98] GeV;

B® — n/(— r]M7r T )K0+7
My > 5.25 GeV;

|AE| < 0.1GeV;

P-value,(By, 1, K3) >1-10°

vV V V. B VvV VvV &R

if N_gngs > 1, select candidate with highest P-value,,(Bq, 7', 7, Kg)

M(KS — n*n~) € [0.48,0.52] GeV;

(%)
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D . )
Selection breakdonw INFN

(O
B’ (n,, M) K (M)
11000 ) ;
- Combinatorics
o8l Cands mult.: 1.88
r Good cands mult.: 1.06
0.6
L e v
L Selections  MC trug EffICIerICy A’
04; 0392 0378 0378 0376 o Sklm 570
i preselection 46.1
02l good cands 30.5
r MC true 20.4
P Y Y Y ! SXF 1.1
¢ Skin, Reco M. 4E KA Mg s 4109&%() % ’Vﬁlifspm TRUES)(F
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P >) ~- . . . / _ A= )
¥4 Signal distribution B® — 1/(— ., 7" 77 )K3 INFN
Wbe B~ n'( n,, 1) KZ(T[+H')
so0000F- — All cands 30000
10000k . Good cands 10000
s0000F- . " MC match 30000

20000}

10000}

S.Lacaprara (INFN Padova) B — 'Kk WG3 18/05/2016 4 / 16



J

D o
¥ Selection INFN
Belle I (%
. . 0 ’ + _—\ 0T

good candidate selection B — n'(— 13,7 © )Kg

@ Reconstruct decay chain with mass constrains for 7, 7, Kg,
vertex only (w/o mass) for B
m
> gamma:all: 0.06 < E, < 6GeV, LA P
—150 < clusgpme < 0, Eg/Eys > 0.75 > M(n') € [0.93,0.98] GeV;

» M(x°) € [100, 150] MeV Ko

IV AT » K_SO:mdst

> pi:all > M(K2— 7)€ [0.48,0.52] GeV;

» Alog L(m,K) > —10; new L )Ks

» M(ns,) € [0.52,0.57] GeV; > M, > 5.25GeV;

+
> do(m™) < 0.08mm; > |AE| < 0.15GeV;
+ :

> z(7™) < 0.1Imm; > P-value,,(By, 7', K2) >1-107°

» N hitSpXD(ﬂ'i) >1

if N_gngs > 1, select candidate with highest P-value, (B, 7', 7, Kg)
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D . )
Selection breakdonw INFN

C
Events statistics B0, n( n, 1) Kg(n*n')

gl Combinatorics
08 Cands mult.: 21.5

r Good cands mult.: 1.45
0.6/ . 0

L Selections  MC true EffICIerICy /°
oal [SXF skim 57.2

i preselection 46.2
0.2l good cands 15.1

r MC true 12.1

L ! SXF 3.0

| | | |
0 "oy Skin Reco M5, A& M, My MW Alomd?’w( % Nejplu TRUSYRE
v

Reco eff is as good as 7, channel.
50% eff drop due to poor resolution on M., AE, M, all coming from 7° reconstruction
inn — atnr° decay
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D

Belle I

Mbc

Signal distribution B® — n/(— ns,m 7 )KE

B°_.r]'( n. T'TT) Kg(n*n')

. Good cands

5125 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.
bc

0 005 01 015 0
AE
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D . .
Final state with Kg .y 700 e

@ A very preliminary study has been performed also with Kg — 7070

decay.
@ The efficiency is roughly % of that of the corresponding
Kg — 7 channel.

@ events combinatorics is larger for 1. (~ 5 cands/ev), huge for 13,
(~ 30 cand/ev)

@ SXF ~stable, but fractionally larger due to lower signal efficiency.

o At resolution is same as for K(S) -7,

00
B — n'(— 77,W7T+ w_)KgOO B® — 0 (= ngemtm )K0
Efficiency % Efficiency %
MC true 135 MC true 6.0
SXF 2.2 SXF 3.8

not used in Belle
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D
<o
Belle I

B® = n/(— nﬂwﬂ'Jr

777)K2+7

Vitx reco: signal and tag side

0 g - 0

B-n(n, TR0 o

Fit norm. 156101
< Core e s s
Tail Bias, 0000459 + 0.000216

- - Outlier B coosas s0o00ss
Bias, 0.00166 +0.00056.

oo s0c0r

om0

3 oxn 102

Az: 127.55 pm

Bias,: 8.00 pm

sadl
»G 05-0.04-0.03-0.0:

B (N, TR e

2z (signal) (cm)

Pron oom
1200
Foofme nom 152201
[ sias, 000055 1 00onist
10001~ Core o 0006 20000
[ Tail ses,  oonz so0m0r
800 |-~ outlier o ooz somom
t Bias, oo 00035
t o 00212 2 00004
600~ . o2 20017
t . 0207 s001
400 Q Az: 101.07 pm
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Background reduction (before CS cut) INFN
Belle II (%
B /(= n,y,yﬂ' T )KOJr

Sample # Ev (M) Skim (M) €skim pre-sel sel €sel
ul 1284 10.8 0.84-10°° 235388 3324 2.69-10"
dd 321 2.88 090-107> 66138 983  3.06-107°
s5 306 3.82 1.25-107% 67205 734 2.40-10"
ce 1063 18.3 1.72-107% 255161 3852 3.62-10°°
B°B° 429 153 0.036 - 10~ 1949 55  0.13-107°
BB~ 420 169 0.04-1072 1818 18 0.043-10°°
total 3620 36.2 0.95-1072 627659 8966 2.34-10°
B° n (—> 1737r7r T )K0+
Sample # Ev (M) Skim (M) Eskim pre-sel sel €sel
ull 1284 10.8 0.84-107% 515531 442 0.34-10"°
dd 321 2.88 0.90-1072 213980 172 0.54-10"
S5 306 3.82 1.25-1072 84005 52  0.17-107°
ce 1063 18.3 1.72-107%  1.94-10° 1593 1.50-107°
B°B° 429 131 0.036-107% 34668 60 0.14-107°
BB~ 420 324 0.04-102 38631 9 0.02-10°°
total 3620 36.3 095-1072 275-10° 2259 059-10°°
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Background distribution '
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D g )
INFN
Yields m
Expected yield for L = 300 fbt
Nyo=2-Nogo=2-L-1.1nb-0.486 =2x170-10° = 340 - 10°
= . — . -5 — R
NBO—m’KO = NBO BR(=6.6-10") = 22000, NBO—m’Kg = 11000
BY — n(— 17W7r+ T )K§+7 B® - (= n3emtn )Ks
N :NBO—m’Kg -BR - € N :NBO—H?/K(S) -BR - €
=11000 - (0.43 - 0.40 - 0.69) - .30 =11000 - (0.43-0.23-0.69) - .15
=390 events =112 events
SXF =15 SXF =27
Continuum =~3300 Continuum ~850
Peaking ~=30 Peaking ~27
Before Continuum Suppression cut | Before Continuum Suppression cut
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