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Introduction L’iFN

Will present Time Dependent CP violation analysis in Bellell
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Will present Time Dependent CP violation analysis in Bellell

70¢
::_ Goal of Belle 11/SuperKEKB | @ Perspective at Bellell within the scope of
St Jennifer I (2018-2023)
o — o /Edt:5—10ab_1;
10?— —
ol o Probably more L (up to 25ab™ '), but need
> :: time to finalize analysis.
s
| R U R P oot DUUOE DUUDE BOUN DU @ Very little or no technical details;
2017 2018 2019 2020 2021 2022 2023 2024 2025

Calendar Year @ Only physics motivation, estimated reach;

@ and possible competition with LHCb
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Time Dependent CP violation in a nutshell INFN
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D . .
Motivations
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At (ps)

TDCPV

Needs everything!

. 0 . .
@ exclusive B” signal reconstruction;

charged and neutral particles
PID

vertexing

e Flavour tagging of Botag;

@ Measure Az

)
INFN

(%

Physics motivation
e determination of ¢;(3)
@ measurement of ¢,(a)

@ sensitiveness to New Physics
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b— czs: B® — JpKY e

Belle I

From A direct access to sin(2¢;) Current status
(small penguin pollution) S = 0.667 £+ 0.023 £ 0.012 (stat lim)
Most precise determination of ¢; today C = —0.006 + 0.016 + 0.012

sin(2) =sin(29,) LA

0.69+0.03+0.01

— Competition from LHCb:
PRD 79 (2009) 1072009 :
BaBar : 0.69 +0.52 £ 0.04 £ 0.07

PRD 80 %093112001 1 > e . I
BaBar J/y (hadronic) Kg : 1,56+0.42+0.21 5 o Belle Il Projection (Feb 2017) .
PRD 69 (2004):052001 i 5 0.03
; 3
Belle 0.67 +0.02+0.01 5 ]
PRL 108 (2012) 171802 00,025 =
LEPH : 0.84*98:£0.16 <’ 3 ]
PLB 492, 259 (2000) 2
OPAL : I 3.20 *189 + 0.50, 1 002
EPJ C5, 379 (1998) PR [
CDF : : 0.79 4341 &£0.015
PRD 61, 072005 (2000) e <
LHCb i L 0.73+0.04+0.02 0.01
PRL 115 (2015) 031601 : :
Belle5S : 057 +0.58+0.06 LHCo
PRL 108 (2012) 171801 H 0.005 ~@- Belle (Il) baseline, 70% data Y(4S)
Average : : 0.69 +0.02 r Belle (Il improved K, 70% data Y(48) B!
HFLAV : : oLeissis s , L
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
2 -1 0 1 2 3

Year

S.Lacaprara (INFN Padova) TDCPV KEK 06/10/2017 5/ 14



J

b — ccs: B — JipK r
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Belle I

C
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b — cés: B® — JipKY extrapolation !

Belle I

C

5
sin28 52 > = 7l —2 Belle measurement statistical
sz — /(0.0232 + 0.0102) x 0.711 /L5, + 0.007 orror
Statistical Systematic Total Belle measurement reducible
(reducible, irreducible) systematic error

sin 23

711 b ' 0.023 (0.010, 0.007) 0.026 Bealle lrgleasuremenlt non

5 ab—! 0.009 (0.004, 0.007) 0.012 reducible systematic error

50 ab—1! 0.003 0.001, 0.007 0.008 : . .

1 ( ) Integrated luminosity used in

— . . Belle measurement

711 fb 0.016 (0.010, 0.011) 0.022

5 1 ; . )

5 ab 0.006 (0.004, 0.011) 0.013 Belle Il expected integrated

50 ab—! 0.002 (0.001, 0.011) 0.011

luminosity

With 5fb™ " the stat and syst uncertainties on S will be comparable.

There will be strong competition with LHCb: this is a measurement that Bellell will
do.

Other b — c&s analysis B® — J/i7°, B® — DX D™ not as competitive for ¢;
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b — qgs: B® — oK, /K2

Gluonic penguin dominates.

Motivations:
@ probes ¢; through different vertices
@ more sensitive to new physics in the loop

@ penguin pollution larger but different
predictions available

Current status:
All measurement are statistically limited

S.Lacaprara (INFN Padova)

TDCPV

sin(2B™) = sin(20;") EEET

b—ccs  Warld Average 0.69 +0.02
oK®  Average e 0.74 513
7K Avg erage = | 0.63+0.08
Ks Ks Ks Avérage —— i 072%0.19
°K®  Average | 0.57+0.17
p’Ks  Avérage —— 0.54 028
oKs  Average —— : 0.71£0.21
f,Ks  Average 4 069 '912
f,Ks  Average 0.48+0.53
fy Kg Avérage 0.20+0.53
7 nHég v‘luye 0724071

on°Ks Average

0.97 3%

n* w Kg NRverage —

0.01+0.33

K"K K® Avérage

068 %55

46 14 12 1 08 06 04 02 0 02 04 06 08 1 12 14 16
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b — qgs: B® — oK, /K2 r

competition with LHCb
only for ¢Kg
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¢K2 via Dalitz analysis of K"K~ K will be slow
Quasi-two body analysis:

° gbK(s):
» current 05 = 0.12, o = 0.14 (stat dominated,
Belle+BaBar): fast improvement with L.
lab™! 05 =0.11, oc = 0.08
5ab~! o5 =0.048, o = 0.035
» stat dominated up to 50 ab™!
° n/Kg:
» current o5 = 0.06, o = 0.04 (stat dominated,
Belle+BaBar)
lab™' o5 =0.06, oc = 0.04
5ab™! g =0.027, o = 0.020
> (Ostar ~ Osyst) around ~ 10 ab!

TDCPV KEK 06/10/2017 8/ 14



D _
b — qgs: ng, wng

o wK State very similar to 7
> (w—ontaT)
@ extrapolation from Belle/BaBar
results using 7’ full exercise
@ current: 05 =0.21, o = 0.14
@ no LHCb competition
lab ! 05 =0.17, o = 0.14
5ab~! 05 =0.08, o = 0.06

All these TDCPV measurements for ¢:
can be done with 5 — 10ab~ ' at Bellell

°

°
lab™?
5ab !

Wng: state similar to

B® - K(S)ﬂ'ofy

efficiency and At resolution from
that channel

current: 05 = 0.17, 0 = 0.10
no LHCb competition

05 =0.20, o =0.13

0s =0.09, o =0.06

B® — (J/, ¢, 1w, m°)K°

J

(3
z
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¢o(a) from B® — 77 !

Gronau-London method [PRL 64 3381 (1990)]

C

Isospin analysis: two amplitudes of
comparable size with different weak
phase:

Estimate penguin contribution exploiting isospin relation among
) — +3 .
A = ABT 5 W0 (h=mp [ i) = £,0) Picture from [arXiv:1705.02981]

AYT /24 A% = 4T0 ey = (AT, AT = (470, a70)
AT /B4 A% = A*O

|AT0| = | A+ @ measuring rates construct the two triangles
@ measuring asymmetries fix relative position
@ need to measure all modes:

— 0 00
» 7t ,7r+7r,7r7r

@ triangles can flip: 8-fold ambiguity in ¢, ()

@ measuring TDCPV B — 779 solve ambiguity.

S.Lacaprara (INFN Padova) TDCPV KEK 06/10/2017 10 / 14



¢o(c) from B® — 7%7°

Isospin analysis input in B — 71

Value Belle @ 0.8 ab~ ' Belle2 @ 50 ab™"
BW+W, 1107 5.04 +0.21 £0.18 |2 +0.03 £+ 0.08
B o o 110 1.31 +0.194+0.18 1) +0.04 £ 0.04
Bw+w“ (1079 5.86 +0.26 + 0.38 [2] +0.03 + 0.09
Cwﬂr’ —0.33 +0.06 £ 0.03 (3) +0.01 +£0.03
SW+W7 —0.64 +0.08 = 0.03 (3] +0.01 +0.01
Cﬂn 0 —0.14 +0.36 = 0.12 1) +0.03 +0.01
Sﬂn 0 — — +0.29 +£0.03
d 1
[1]: arXiv:1705.02083 ~08
[2]: PRD 87(3) 031103 0.6
[2]: PRD 88(9) 092003
0.4
0.2

Adding S o_o input =

Time Integrated analisis (B_o o, C o o) yield: 300 ev/ab™*
But error on ¢, scales approx as error on all 6 variables. . .
Time Dependent analisis (S o o) yield: 300 ev at 50 ab™ '

)
INFN

(%

Belle, Belle2

.
0 30 60 90 120 150 180
0,¢)

exp 88° o
Aoz,m’J 1o ~ 4

ok at 5ab~ " (BaBar used 250 ev)
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¢, from isospin analysis BY — PP, BY — P, INFN

Similar to B® — 7 only p; to be used,

. [©]
Spyp, 2Vailable (BaBar) o, ~5 B® = pr
Value 0.8 ab ! 50 ab~! . . .
Topp 0985 L0012+ 0023 [77] 40.002 £ 0.003 @ Analysis done with Dalitz plot on
Frpp 021  +0.20+0.15[83]  +0.03+ 0.02 7r+7r_7r0 final state.
B,,+f,f 108 28.3 +1.5£1.5 [ ] +0.19£ 0.4
Byp v 100 OBLONS(E] 00100 o current analyses by BaBar and
ot pm . 5 [T7 . . ..
.‘;[’,4-[’,- —0.13 +0.15 =+ 0.05 [77] +0.02 £+ 0.01 Be”e Suffel’ from |0W StatIStICS
Value 0.08 ab—! 50 ab~! . .
oo 095 T0d1+002 (63 £0.001+0.003 @ which cause secondary solutions
By oy LT 27125363 =032 05 for ¢, on both sides of primary
Value 5 ab 50 ab~
Cpopr 0.2 TEE03 (677 +0.0840.01 @ and expected to vanish with larger
SI,HI,H 0.3 +0.7+0.2 [ T] +0.07 + 0.01 dataset
. -1 . .
T5,Co ~ 0-2 with 5ab @ Strong motivation to repeat the
also improv. on f;B(B° — p*p~) and analysis with at least few ab™
+ + 0 ] =i
fiB(B pp ) useful With 50ab @ No prediction available
U¢2 ~ 25 <
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B sY: B — ngofy

Belle I

Motivation:

@ b — syg is helicity suppressed wrt
b— SYL

o B - fcpYr interferes with
B® — B” — fcpy, only for helicity
suppressed b — svyr decay

@ TDCPV analysis is sensitive to the
decay rate of b into “wrongly”
polarized ~y.

@ New physics can enhance that
decay rate

S.Lacaprara (INFN Padova)

@ Current status:

BaBar Sng% = —0.78 £ 0.59 £ 0.09,
K0y = 0.36 £ 0.33 £ 0.04
Belle SKSW% = —0.10+0.31 £0.07,
K0y = —0.20 £ 0.20 £ 0.06
@ Neutral final state, low chances for
LHCb:
Int. Lum. ab~! Stat(S) Stat(A)
2 0.15 0.10
10 0.07 0.05
50 0.031 0.021

Interesting with few ab™!

TDCPV KEK 06/10/2017
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D
Summary

WA (2017) 5 ab~! 50 ab™!
Channel o(S) o(A) o(S) o(4) o(S) o(A)
J/pKO 0.022 0.021 0.012 0.011 0.0052 0.0090
oK 0.12  0.14  0.048 0.035 10.020 0.011
7' K° 0.06  0.04  0.032 0.020 0.015 0.008
wKY 021 014  0.08 0.06 0024 0.020
K% 020 012 010 007 0031 0.021
K70 0.17 010  0.09 0.06 0.028 0.018

@ A number of different analysis can be

performed within the Jenniferll timescope

)

e Many b — qgs are now statistically limited,
so an update with increased stat is
meaningful

@ isospin analysis can be interesting as well

@ For several a full scale exercise with Bellell

tools have been performed.

S.Lacaprara (INFN Padova)

INFN
Observables Belle Belle 1
(2014) 5ab! 50 ab—!
sin2¢1(B — J/z‘:]\'“) 0.667 £ 0.023 £ 0.012 - 0.005
S(B — ¢K") 0.90+0:%9 0.068 -
S(B — n'K") 0.68 +£0.07 +0.03 0.027 -
S(B — J/yr°) —0.65 £ 0.21 + 0.05 - 0.10
b2 [°] 85+ 4 (Belle+BaBar) 2 1
S(B -t —0.64 £ 0.08 + 0.03 = 0.05
Br.(B — n°7%) (5.04 +0.21 £0.18) x 1076 — 0.06
_S(B = K§r'y) —0.10£0.31£0.07  0.11 0.035
& « ¢
oo o Rl o «
B— J/yK o Xk - -
B - ¢k, & ok >50 ok dexk * ok
B P ok >50 ok *xk * ok
B & ok >50 * .
B by *ox ok * *ox ok * *
B o2 ok =50 ok * ok o ok
B Scp s =50 ok * ok o ok
TDCPV KEK 06/10/2017 14 / 14
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Additional or backup slides J
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