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Y from B -» DK at LHCDb

Many analyses for y in progress. Many milestones passed:

LHCb-CONF-2011-031

B — [hh,hhhh] K decays { LHCb-CONF-2011-044

Events / { 0.01 GeV/c?)

— Phys. Lett. B 706 (2011) 32-39
Bo—- DK™ First observation of Bs—~D°K™° LHCb W A

Cabibbo-allowed background mode for Bd -> DOK* " m(D°K”) (GeVic?)

LHCB-PAPER-2011-040 ArXiv:1201.4402

B-DKnmn decays { First observation of the decays
B0 = D+ K- pi+ pi- and B- -» DO K- p1:-|w iz

. J LHCb-CONF-2011-057
BS_)DSK_ first observation by LHCb
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THIS TALK: presentation of DIRECT CP VIOLATION in B - DK decays
LHCb-PAPER-2012-001 arXiv:1203.3662 submitted to PLB

using the full 2011 data set of 1.0 fb™
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Introduction

Courtesy of CKMfitter

Loop Only Tree Only
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Idea: tree level determination of y using B* - DK* decays (1' v )
= —arg

ub

No contribution from penguins — Theoretically clean VoV

- i(0,-v)
rb e V

. Ve 1§ u D
< K - Y enters with ub °
Vcb S opposite sign for B+ C
. b -4 S

B_ _ Vcs _ K_
u u

Easiest way — look at D° final states with only two charged tracks
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Introduction

* Exploit interference: D° and D° must decay to the same final state

* Obvious choice is CP eigenstates like K'K and Tt 1

referred to as “GLW”

Colour FAVOURED
Colour SUPPRESSED

* But a more sensitive decay is:
u§<11 K_
DO

favoured suppressed
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* Favoured & Suppressed combination — referred as “ADS”

Phys. Lett. B 265 17 (1991)

} Interference O(10%)

Reverse suppression leads
to comparable amplitudes
contributing to the decay

> Large interference

Sensitivity to

Y

Phys.Rev.Lett. 78
(1997) 3257-3260
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Outline of the analysis

* Analysis is based on full 2011 dataset: 1.0 fb™
« We reconstruct every mass hypothesis combination B = [hh]_h

h=1K

* Extract Ratios & Asymmetries with simultaneous fit
* Most systematic uncertainties cancel

I'(B~ — Dep+ K—) —T(B™ = Dep+KT)
I'(B~= = Dep+ K—)+I'(BT = Dep+KT) CP+ = KK,nnt
I'(B- = Dcp+K~)+T(B* = DepiK)
[(B- — D'K—) +I'(B+ — DV'K+)
and others using similar combinations

Repr =2

_ D([KFTn5|pKT) Rpk — Rbk
[([KEnF]pK*) Rpox + Rk

2 .2 'y . - . . . -
rg +7rp +2rprp cos(y + 9) 2rprpsinysind/Rpk
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Selection

PV

* Most background from combinatoric

(35 pb™ independent sample)

* Use MVA method: BDT with 20 variables
* Train on Signal MC vs 2010 Sidebands

* Partially reconstructed background

* Peaking backgrounds (from charmless B decays & internal cross feed btw modes)

* Exploit forward boost in LHCb and cut on D flight distance
e.g. Bi—>[T[T[]DKi suffers from: ~
B-Knrm* Charmless
Bi—>[ KT[]DT[i Cross feed
B[] D]‘[i Part. reco. cross feed |

107

= f

Y
Jh

| |Signal
| |charmless
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B* - [K'|'[]D h* arXiv:1203.3662

400

300

(5MeV/c?)

Erni0 = 87.6% B—[Kn'] K

100§ .‘ N ,. MisiDm = 3.8%

A

E

B —[K 'n*]Dn-
Eppm = 96.2%

5600
m(Dh™) (MeV/c?)

* Simultaneous fit over all modes = Data divided in PASS & FAIL slices
* Favoured decay modes dominate statistics and constrain all the shapes
* Little asymmetry expected in these most abundant modes
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B* - [KK]Dhi arXiv:1203.3662

B"—[K +K']DK+

Events / ( 5 MeV/c2)

m(Dh*) (MeV/c?)

Clear asymmetry seen in B » DK
No asymmetry seen in B = D1t (as expected)
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arXiv:1203.3662

B+—>[n+n-]DK *

Events / ( 5 MeV/c2)

00 5600
m(Dh*) (MeV/c?)

Clear asymmetry seen in B » DK
No asymmetry seen in B = D1t (as expected)
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B* - ['I'[K]Dhi arXiv:1203.3662

LHCb  _| LHCb

23 evt

B[k K 73 evt B*[TK ] K"

UL et B Ngd

"~ OBSERVATION
LHCb ‘_g

Events / ( 5 MeV/c2)

] ot
B —[nK ]Dn

5600
m(Dh*) MeV/c?)

Suppressed ADS modes (Kaons with wrong sign)

4th April 2012 Paolo Gandini




Results arXiv:1203.3662

* Ratios and Asymmetries for all modes [K, KK, i, K]
DG 0.076 = 0.006

;RCP-l- <R§f§r K/{?T:)/RKf?T
1.01 +0.04 4+ 0.01

Acp+ < Agfi‘jﬂﬂf{w >
0.15 £ 0.03 = 0.01

* Asymmetries of most abundant B - DK and B -» Dt~ 0
 Asymmetries of B - [KK,nn] T consistent with 0

« Evidence of ACP+ with 4.5 sigma significance!
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Results arXiv:1203.3662

100 lRADS(K} = (Rg+ Ry)/2
= 0.015 £+ 0.002 = 0.000
Aapsky = (Rg — Ry)/(Rg + Ry)
=AY —  —0.5240.15 + 0.02
Rapsxy = (R, +RS)/2
0.0041 + 0.0003 £ 0.0001
Aapsxy = (Ry —RD)/(R; + R))

— 0.143 + 0.062 + 0.011

2.40

Combining all together...
CP violation is observed in B-»DK with a significance of 5.80
FIRST OBSERVATION of direct CP violation in B*!
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Summary

arXiv:1203.3662

Belle

BaBar

CDF

LHCb, 35 pb™
HFAG average
Belle Dalitz
BaBar Dalitz
CKMFitter
LHCb, 1 fb™

Paper submitted to PLB
Expect impact on determination of y

1.03+ 0.07+ 0.03
1.18 £ 0.09+ 0.05
1.30+0.24+0.12
1.48 + 0.31+0.12

—ii—
i —
e ——
1.11+ 0.06

0.98+ 0.06
0.974 + 0.033
0.981+ 0.022

1.009+ 0.038+ 0.012
L L L 1

——
-+
-
S
1

15 2

R(.':P-u-

Belle

BaBar

CDF

LHCb, 343 pb™

HFAG average

+0.0044 +0.0007
0'0163-{!.0041 -0.0013

0.011+ 0.006 + 0.002
0.022+ 0.009 £ 0.003
0.0166 + 0.0039 + 0.0024

0.0160 + 0.0027

LHCb, 1 fb™

*
——
0.0152 + 0.0020 + 0.0004
—+

Belle

BaBar

CDF

LHCb, 35 pb™
HFAG average
Belle Dalitz
BaBar Dalitz
CKMFitter
LHCb, 1 fb™

0.29 + 0.06 + 0.02
e 025+0.06+0.02

2.39 + 0.17 + 0.04

0.07 £ 0.18 £ 0.07

——

0.270+ 0.040

0.21+0.14
0.16+0.06
0.187+ 0.032

0.145 £ 0.032+ 0.011

02

Belle

BaBar

CDF

LHCb, 343 pb™
HFAG average

LHCb, 1 fb!

04 06 08
ACP-l-

—(—

+0.26 +0.04
'0-39-0.23 -0.03

*

-0.86 +0.47 ¢

*

-0.82+ 0.44 + 0.09

-0.39+ 0.17 + 0.02

-0.46 £ 0.13

-0.52+ 0.15+ 0.02
-

+
—
05

05
A

0|03 064 0.0 15 1 -05 0

R

0 001 002
ADS
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Ratios & Asymmetries

B+—>[ KT[]Dh | I'(B~ - [K~7tpK~) + [(B* — [Kt7~|pK™T)
[(B- — [K—nt|pn—) + (BT = [K+tn—|pr+)
[(B~ — [K—nt|pK~) — T(B* - [K+r~|pK™)
[(B- — [K-—nt|pK—)+ T(B+ — [K+1—|pK™+)
(B~ = [K a"|pn ) —T(BY = [KTn |px™)
T(B~ - [K ntpr )+ (Bt > [Kt7 |pr+)
+ +
B=o[KKIoh=] 15 ik 1ot o ok e
(B~ = K Kt|pr ) + (BT — [K K- |prt)  K/m®
I'(B~ — [k~ K+ pK~)—T(Bt = [K*K-|pK™)
[(B- — [K-K+|pK—)+T(B+ = [K*K-|pK~)
(B~ K K'lpn~) ~T(B* - [K*K lprt) _  xx
I'(B- - [K-K*t|pr )+ (Bt — [K*K-|pnt) 7

Bi_)[-l-[-l-[]Dhil LB b oK)+ T(BY = 't 1ok D) _ ey

(B~ = [r—nt]pn~)+ (BT = [Tr“"rr |p7t)
B~ = [ at|pK)-T(Bt = [ato |pKT o e
PEB— 5 {W—er}DK—% +FEB+ 5 {ww—Lw% =AY e— AC P+
(B~ = [mnT|pr™) —T(BT = [xTa"|pnt)
(B~ = [r—nt]pn—) + (Bt = [wta~]|p7t)
DB~ = [r K IpK™) _
T(B = K ntpk-) 'K R A
I(B+ & [+ K~ |pK+)
ook RADS(K) AADS(K)
(B~ = [~ K*|pn™) _R-
[(B- - [K-m+]pm- ) i R A
EBMWK }D R ADS(m) ADS(m)

I(Bt - [Ktr|prt)

= R}tg}}‘

— RCP+

. Kx
= Ax

_ K=
= Al

— AKK o

__ ATT
= ATr

B“—L—>[T[K]Dhi|
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A, and R from global fit

cp

» From the HFAG page — BaBar & Belle estimations of [r,d ,Y]

Constraining y = @3:
The measurements of x4 - and y+ - in the various pl+ll+) decay modes can be used to place bounds on y = 3. Both experiments have done so using frequentist techniques.
BaBar obtain Belle obtain
y=(68"15_14 +4 +3)° @3=(78 "1 15 x4 = 9)°
(from DK™, D*K™ & DK*™) (from DK™ & D*K™)
The experiments also obtain values for the hadronic parameters
18 (DK™) = 0.096 + 0.029 + 0.005 * 0.004 g (DK7) = (119 TP 3 £ 3+ 3)° 18 (DK7) = 0.160 *0040_g 535 + 0.01170%_5 19 6g (DK7) = (138 *P_15 + 4 + 23)°
g (D*K7) = 0.133 *0042 ;135 + 0.014 + 0.003 6g (D*K™) = (—82 £ 21 + 5 = 3)° rg (D*K) = 0.196 0072  hcq + 0.012 0082 15 g (D*K") = (342 719 51 + 3 + 23)°
Kkrs = 0.149 T0066_, o + 0.026 + 0.006 Bs= (111 + 32 + 11 + 3)° (rg (DK*7) = 0.56 T0-22_; 1o + 0.04 = 0.08 *) (65 (DK*7) = (24372 _j3+ 3+ 50)° %)

For attempts to extract y = @3 from the combined BaBar and Belle results, visit the CKMfitter and UTfit sites.
Note that the above results suffer an ambiguity: y =y + m= g3 = ¢3 + 1, 6§ = & + n. We quote the result which is consistent with the Standard Model fit.

- r,,0_ dominated by Dalitz analysis — using these as inputs

Rep+ 1+ 7% +2rgcosdpcosy,
+2rp sin dpg sin vy Belle: ~ 0.29 = 0.06

preliminary

BaBar: ~ 0.25 = 0.06

Acp+
Ac 5 - ,
1 +r%5 = 2rgcosop cos~y

LHCb

KK
< RK/‘JT’ }T{?;ﬂ' >

Kpi
RK??T

Acpy =< AKK ATF > 0.145 + 0.032 & 0.010

1.007 £ 0.038 = 0.012

Repy =
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Favoured - Suppressed cross feed

* Peaking bkg due to truly D’ -» K" combined as D’ - mK*
e Mis-ID distributions have the same mean but are broader

| m({D) default [correct] daughter mass hypotheses

4000

3500

3000 mass hypothesis back

\ Bi_)[ KT[]hi check for by swapping
15 Mev/e? Bi—)[T[K]hi I J

2500

2000

Events / ( 0.676692 MeVic*2 )

1500

1000

500

| Reduce it with PID
oy cuts on the daughters

m{D) with swapped daughter mass hypotheséﬂ_s |

1600
1400

Veto on the “double swapped”
which is ~90% —> § <— efficient on signal mass hypotesis

1200
1000

Events / ( 5 MeVicA2 )

800
600
400

o Include a PDF in the fit for
°5 700012007400 7600 1800 2000 2200 2400 2600 ' 2800 / What I'emainS

m(D) (MeVicA2)
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Asymmetries

B:—[Knloh*]

Bi—>[T[K]DhiI

B=—>[KK]oh=|

Bi—>[T[T[]DhiI

Acp((KK)pK)

Acp((K7)pm)
Acp((Km)pK)
Acp((mK)pm)
Acp(('}TK)D K)
Acp((KK)pm)

Acp((mm) pm)
ACP ((’?T’JT)D K)

e N N N A

FIXED (%)

—0.7x0.7
—0.5+0.7
0.0x0.7
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