CP Violation Measurements
in B Mesons at Belle

Zbynék Drasal

Charles University, Prague

For Belle collaboration

DD

<O




* In Standard Model the CP violation (€P) established in terms of “charged” currents:

L’%,f) - (Wugy"Vegmdr + W, ~dpy V]

NG CKMUL)
and 3-gen. quark mixing matrix Vexar, namely its complex phase ( C'P(£\?) # £17):
I"rfu,d Lﬁu-s Lﬁub 1- /\2/ 2 A A/\B (p N
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Wolfenstein param. (A = sin 0, )
- applying unitarity conditions V,,V;, + V. V., + VigV;;, = 0 -» we obtain a unit. triangle

t Unitarity triangle (UT) CP violation parame {rt’;ri
PN = [ = arg cb
(P.n) 1 = [ = arg ( ViV )
. ;o > | ViiVia
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* Question: Is angle ¢; determination from loop and tree decays consistent?
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* How can we measure the complex phases, i.e. UT angles?
— apply time-dependent analysis and measure the QM interference between B°-B°

mixing and B° decay to a CP eigentstate in time:

Acp(A) = T(B°(At) = fep) =T (BY(At) = fep) > fep \ fop<
CORTE T T(BYAL = fop) +T(BY(AL = fep) \ / CP \ /

Acpcos (AmgAt) + Sep sin (AmyAt)

2IZm A\ .. . . .
Scp = ﬁ — mixing-induced CP violation (interference between tree & box diagram)
% — direct CP violation (tree & penguin diagram interfere)
CP

Amg - B°-B° mass difference

Acp = —
{q - _lfcp

P _1fC‘P

At - B°-B® proper time difference  [Mor = Srer

* Measurements presented here:
b — uvud— BR measuremen‘r (used in 9 isospin

b— sqq - O rela‘red measuremen’rs
BY & wk? Recen’r RO _, 00 New analysis)
BIJ - n 171 - R
3
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* How to determine time ( A7) and which B%/B° decayed to a CP-eigenstate?
- Use asymmetric beam energy — "increase” B decay length = Az =~ 200um
- Produce Y (45) - BB born in a coherent QM state (C=-1 & Bose statistics):
Bep — B° (B°) at time ¢
Biag — B° (B%) at time ¢
- Reconstruct B-p = to a final state fcp
- Determine the flavour tag of B, in 7 r-bins

- Measure the distance between B decay vertices
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k- flavour tagging
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772 x 10° BB pairs collected
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* Overview of sin 2¢, Belle measurement in B = charmonium K° modes ...

- Decays b—ccs are tree dominated — | Spp = —&sin2¢,
o 350F 7
o o 'J\' = ) Py
@ 300f ml_{ Py | = 250 HFAG: b — cCs results
s [ | $7T BELLE
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At (ps)
sin2¢; = 0.667 & 0.0234a¢ £ 0.012,
Acp = 0.006 £ 0.01645¢ = 0.012

PRL 108, 171802 (2012)
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* Motivation forB’ — wK. & B — 1/K"measurements?
- In contrast to b->ccs decays:
b-uls, b = dds are penguin dominated (tree is CKM & color suppressed)
b—sSs is penguin only
Alccs) = I”Zbi’ﬁg(Tcﬁs + P SC - P st ) + 1"2161"33(10 ;i — P st ) M
Auiis) = VypVE(PC — PY 4+ Vi Vi (Tyus + P* — PY) b S ko
A(sss) = VpVE(P¢— PY +V,, Vi (PY — P o - “Z%%< d
. d
— could be affected by new heavy particles — 4 g
- sensitive to New Physics (NP)

- Expected parameters within the SM (Reminder: only small pollution from a tree process)

Acp =0 Scp = =, SN 204

— Observing large difference [Scp — S;/uxo| (Ser = —&j.p sin2¢5") = clear sign for NP!
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B — 1K consists of two CP final states:
- B =K (CP=-1)
- B =/ K} (CP=+1)
SM prediction: |Scr — S /uio| = [-0.05; 0.09] (SU(3),), [-0,03: 0.03] (QCD factor.)
Decay chain:
W =t g = py

S/B fraction determined from:

N
/ — CMS CMS ‘ .

Moe = \/(Ebeam) — (P5) pEMS (assuming AE = 0)

AR = B — B B K | X B oI
RS;B =1 |::+£t (aq suppress.z RS;B = L.::+£t, (qq suppress)
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B" = f/KS = M. AE, LRppy
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« S/B - 3D (2D) unbinned ML fit + 2P parameters - (At x q) fit with fixed S/B ...

All n" decay modes combined

This analysis 2007 analysis

772 M BB 534 M BB
mode Nig Niig
nKs 2506.3+63.1 1256.6 +42.1
WKL 104174411 4788 +41.1

Data reprocessed with new tracking code
— improved reconstruction efficiency
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2140 8 40%—5’0 —n'KY
* Fit results: ~ 120 = sk
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B’ =
SM prediction: |Scp —

ﬂ.fhc. _\.E FBE}QQ(‘CRBBM@)' g, (L.:.J

cos 05" At, q (flavour)

SJ/\I!K

wKY represents a CP final state (CP = -1), B*

~[0.1; 0.2] (pQCD, QCDf )
* Applied extended ML fit to 7 variables:
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* Fit results compared to older measurements:
Bﬁ—pairs BR(BU — L:.JKG) -ACP ‘SCP

Belle 388 x 106 (4.47%% 4+0.4) x 10-° - -

Belle 535 x 10° - —0.09 £ 0.29 £0.06 +0.11 =+ 0.46 £ 0.07
BaBar 467 x 106 (5.440.84+0.3) x 107 +0.52703° £0.03  4+0.5570% £0.02
Belle 772 x 10° (45+0.44+0.3) x 107® —0.36 £0.19 £0.05 +0.91 & 0.32 £ 0.05

% 50F Tqear
- first evidence of)QP/(S.lo) in B — wk{ o, F e
) 1.5 ® - |
— no clear sign for NP observed o~ = F
1 R -
: 3 201
. , 05F ER :
* Paper published in PRD (July 14) of of A
.Phys. Rev. D 90, 012002" 05' ; o=
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sin(2B") = sin(20}
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Belle results:

S,ko = +0.68 £ 0.07 £ 0.03

S_xo = +0.91 4 0.32 £ 0.05

No evidence of NP at current
level of sensitivity...

-2 -1 0
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* Recent Belle result in b = uud decays: B° — 777~ —
u — —
- both tree (T) & penguin (P) contribute ... b d
— expected non-zero effect of direct 2f in SM e Fwd g
_ _ g _
- no clean extraction of single CKM phase: b ~u q
- d = d
Scp ~ sin(20s + 2Ads) d - d P

* How to extract ¢» ? Combine Belle m results by
isospin analysis (6ronau & London PRL 65, 3381, 1990)

B(B? — 7t77) = (5.04 £ 0214 £ 0.18,4) x 10°° | prD 87,
B(B= — 7=7%) = (5.86 £ 0264, + 0.38.4) x 107 031103(
B(B® — 7°7%) —» New

Acp(B? = m77) = +0.33 + 0.064¢ + 0.0345s | PRD 88,
Scp(BY — 7577) = —0.64 £ 0.08,4 + 0.03,5 [ 092003

Acp(B® — 77) —»  Coming soon

R) |

_4+0 —

1 T,
—.AJF, 4+ Agp, A= _.J4+— + Aogo

V2
8-fold ambiguity

V2
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* Proceeds via b—u transition:

colour suppressed tree (C) & penguin (P) contribute

* Previous BR measurements [x 107°]:
- Belle: B=237:"02 PRL 84, 181803 (05)
- Belle: B=1.1+0.3+0.1 ICHEP 06 (535 M BB)
- BaBar: B=1.83+0.21+0.13 PRD 87, 052009 (13)
- Theory: B < 1.0 Nuclear Phys. B, 675 p.333 (03)

_ W+t
=1 - K B
I/V}\YU _
+ t

— g

d
= J d -:7
C P

o Ry

2

* Strategy - fit My.. AE, Teont (TMVA based continuum suppression var.)

- But... substantial BB bkg observed in datal Why?
- Out-of-time electromag. interactions in ECL show
up as correlated with BB bkg & peak under signal!

5)
8

Iml

gIII

—out of time

— efficiently removed using ECL timing information
- analysis with 751.5 M BB pairs (Belle reprocessed

data with timing information)

Evernts / { 0.001
B

EIII

>

T,

P %o

77 sz 28 5285 529
Mpc [Ge\ﬁczi]
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* Fit results:
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- fit projections to signal region displayed
— applying ECL TDC cut removes out-of-time background (BB bkg is then negligible)!

* Preliminary result:

B(B" — 717%) = (0.90 4 0.1244¢ & 0.104,) x 107 (6.70)
y

— new Belle result consistent with theoretical predictions
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* 2 recent measurements of time-dependent 2P in b — qgs transitions:

- First evidence of 2Fin B — wKY :
Scp(B" = wKg) = +0.91£0.32 (stat) £0.05 (syst)

- The world's most precise measurement of 2P in B° — 1/ K°:
Scp(BY = 1K) = +0.68 £ 0.07 (stat) 4 0.03 (syst)

— no evidence of NP at current level of experimental sensitivity

* 1 new measurement important for isospin analysis & constraints on ¢

- Precise measurement of B(B’ — 7'7")
B(B” — 77") = (0.90 & 0.1240; £ 0.1045) X 107% (6.70)

— preliminary result consistent with theoretical prediction
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Thank you for your attention
D

o
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