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e Results on angular analysis with B;=>J/(uw)K*K and B3> oo
o BJP(urp) T

e Measurements of B; effective lifetime
o with B>/ £2(980), B>>J/ K and B> K*K:

e Conclusions



CP violation with two-body charmless decays
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Why search CPV in B°2>h*h  decay?

/They receive contributions from both tree and loop (penguin) diagrams \

e Relative phase between the diagrams = direct CP violation in time-integrated measurements

e Time-dependent CP violation in neutral B decays

e Improve knowledge of CKM matrix Direct Time-dependent

CP asymmetries|] CP asymmetries

e Valid theoretical tool to test QCD calculations PSSt DR ORI EVO)

e QCD factorization, pQCD, SCET, ... SO S S G (04T (1)

e Search for New Physics
\\ e (CP-violation observables and branching fractions can differ from Standard Model predictionj

« As penguin topologies are generally N\
sizeable, effects from New Physics in loops

" may be sizeable as well

W ! . &+ Theoretical interpretation is however not
% E ) = straightforward, because of unknown
* ﬁ ‘ . hadronic parameters in the amplitudes /
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Direct CP asymmetries in B°y>Km decays
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Most precise measurement of this
quantity to date, 10.50 from zero

|ACP (B® — Km) = 0.27 + 0.04(stat) + 0.01(syst).|

First observation of CP violation in

-

A —

Also using LHCb results for branching ratios

Test using U-Spin in SM

ACP(BO—>K+7T_)

B(B?—K—7T) Td

Acp(BY?— K—7t)

[JHEP 10 (2012) 037]

B(BY— K+7—) 75

=0

B, decays, with significance of 6.50

)| A = —0.02+0.05+0.04 |
J
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Time dependent CPV in B>t and B> K*K-

4 . R
f \ A(t) = - —Cf cos(Amgs)t) + Sy sin(Amgs)t)
JHEP 10 (2013)183  L=(1fb" @ Vs =7 TeV) cosh ( Ala) t) — A8T sinh (Mg<s> t)

cC~> direct CP violation

s o S = mixing-induced CP violation
LHCb Sxok B -)K*K.% LHCb
= S (a
.......... T K + 164
e <= 14650 £ 1 °° s |[Crn = 0,38+ 0,15 (stat) £ 0.02 (syst),
k] - 7] B*—K*n
£ 8-3bosy | || Spw = —0.71 £ 0.13 (stat) & 0.02 (syst),
i B _>3 -body S 1000 i Comb. bkg
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. Cxx = 0.14 =+ 0.11 (stat) = 0.03 (syst),
ﬁ Sk = 0.30 4 0.12 (stat) % 0.04 (syst),
°>T'T asymmetry B >K*K asymmetry First measurement ever

2 4 6 8 lDleca.:/otlm‘e (p1s2) | 005 01 | 015 (t(t))2mod0uI205(Zn(IJA::n)[r?s:;5 Slgnlﬁcance for (CKK’ SKK)
N ) to differ from (0, 0) is 2.70

J
A. Carbone 6

w
T T

LHCb

|
—

Raw asymmetry
o o o
Ty

IARRNRRRRRRRRRRR
[TTTTITTTyre

o

:

o

—
I

s'=
n

"B

o
m

O




Search for new physics in B, mixing
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¢, with B,2>J/P(utp-)h+h-

/I'he interference between B, meson decay amplitudes to CP eigenstateh
directly (¢,) or via mixing (d,,-P,), gives rise to a measurable CP-
violating phase ¢..

B? &)
e ’
¢M\_ / In Standard Model: ¢5
Bd —¢p = ¢s,m — 2050 =

N S Y

/SN\, for b—>cds transitions and ignori@
subleading penguin contributions,
predicts Two modes:

bs = —28s = (—0.036 + 0.002) rad || B.>J/VK*K, manly trough B>/,
- more statistic, angular decomposition
— s = 3" + dg"

Theoretically clean tree-dominating decay

SM needed
small Bi%J/LPR*Tc‘, less statistics, no angular
\_;; (;SS can be enlarged by ('b /\ecomposition needed /
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Time dependent analysis of B, ]/ WK*K-

4 PRD 87 (2013) 112010 Angular analysis to statistically separate CP eigenstates\
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L=(1fb"@Vs=7TeV Jom e
( @ ) Main contribution from $>K+K .
- : : : A
e Flavour tagging used to determine flavour at the production

* Tagging calibrated on data using B°->D™uv,, B*=>]J/WK* (opposite side), Bi% D Tt
(same side)

o Effective tagging power (3.13+0.23)% (OS+SS)

e Decay time resolution calibrated with prompt p*u-K+K- events that have a
true decay time of zero 2 <6>=451s
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o _
Result for B.=2J/WK*K L=(1fb"@ Vs =7 TeV)
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Time dependent analysis of B=2>J /P1r+T1T-

-

\_

PLB 713 (2012) 378

Also a b—cCs process
97.5% pure CP odd decay

[PRD 86 (2012) 052006, arXiv: 1204.5643]

J

-
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[, and Al constrained to
result from B, — J/PK*K:

¢, =-0.147/ 001 rad

J

-

Combined results B, = J/bh*h-

<

\

<= = 0.01 + 0.07 £ 0.01 rad
AT, = 0.106 + 0.011 4 0.007 ps '
M. = 0.661 + 0.004 + 0.006 ps

=/
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Time dependent analysis of B;2>¢d

/

PRL 110 (2013) 241802
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(B(;%dxl) is forbidden at the tree level in t@

SM and proceeds via a gluonic b—>s5s
process

* SM predicts CP-violating phase to be small
(decay dependent)

*Calculations using QCD factorization
provide an upper limit of 0.02 rad

* Null test of the SM!

* Largest systematic error due to S- wave
contribution

*Total systematic uncertainties 0.22 rad

$2? e [ 2 46, —0.76] rad at 68 % CL
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Comparison with the other experiment
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LHCb measurement is most precise and dominating
Precision improvement crucial for further test of the SM
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B, effective lifetime
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Introduction to effective lifetime

e In CP eigenstates the effective lifetime is sensitive to I', and ¢, (mixing induced
CP phase). Considering a B (B,)>f transition the untagged decay time

distribution is: r(t) X (1 —-AAFs)e_(rLt] + (1 +-AAFS)9_(FH”
e with Aars function of ..

N If there is no CP violation ~ Aar, = 1

\

P
Effective lifetime is the lifetime measured by describing the untagged decay time
distribution with a single exponential. At the first orderin y =2Al /T

e = 7p0 (1 + Aanys + O(¥%))

/
S

N
/e CP-even decays in SM are dominated by the light mass eigenstate t& ~I","
e forexaple BZ% KK. SM expectation: Aap, =—0.9724+0.012  7¢¢ = 1.40 = 0.02 ps.

e CP-odd decays in SM are dominated by the heavy mass eigenstate tff ~I "

Alternative way to extract AT, and ¢,

[R. Fleischer and R. Knegjens, Eur. Phys. J. C (2011) 1789]

\_

o for exaple B(;%J/q)KS. SM expectation: Aar, =0.944 £ 0.066 ff%xﬂsm = 1.639 £ 0.022 ps

J
~

%
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B.>K*K" effective lifetime

. I
PLB 716 (2012) 303 CP-even elgenState

e Analysis uses minimal lifetime biasing selection
e No selections on lifetime biasing variables like impact parameters or flight distance

e decay time >0.5 ps is used to avoid the potential edge effect introduced by the
trigger requirement decay time >0.3 ps

e Trigger and event selections are based on the Neural Network

\» Flat acceptance verified on simulation L=(fb"@Vs=7TeV) )
4 B;>KK 997+ 3 N
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— Agrees the SM prediction very well
d Ty = 1.455 + 0.046 + 0.006 ps | 05002 o y
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B.=>J/ f°(980) effective lifetime

e The final state J/ f°(980) is a CP-odd eigenstate
o Lifetime measured relative to B°>J/pK™

e Both decay channels have similar kinematics, hence most
of the systematic cancel in ratio

Multivariate selections are used

4040+75 B> Jiyf,(980) )
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PRL 109 (2012) 152002
L=(1fb"@ Vs=7TeV)

Fit for the width difference, 1/t 1 -1/t k-

\

1/2y,10-1/% e = -0.070+0.014+0.001 ps’’

Ty = 1.70040.040+0.026 ps

-
X
o

j/IA/\

[, = 0.588 + 0.014 + 0.009 ps™"

(  included systematic due to possi

ble non-zero ¢,)

_/
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B.~>J/PK? effective lifetime

v

N

NPB 873 (2013) 275 L=(0fb"@Vs=7TeV)
O o °
The final state J/UK; is another CP-odd eigenstate.
Long K? Downstream K?
~10* Fr—m—mmm—mp———"—+——+——+— ~10* ——————
R L R L 0 . .
S s S i Long K,: reconstructed with hits
= 10° WB-IVKY S 10° W B K] . .
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> we /0 background <10 7 % background 0
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Z b B0 1 F ke . o
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. . 21045 """"" LHCb Pl AL LHCb 3
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. 0 o o 0 S/IO 1 Bl JYK S glo o B JyK S
Simultaneous fit to B.2J/yK and B°2J/K; 3 ¢ S P B K
. . . =10° F —-backgrc )und = 3 —-background’g'
Lifetime acceptance parameters determined £ p —toul = n —toul ]
. . . < 10 FreX, S 10 o S
from the fit by fixing B° lifetime o P
I 5
| Tyuks = 1.75+ 0.12 £ 0.07 ps | |

10 15
B decay time [ps]

Measurement is consistent with the SM predlctlon
\_TypK@ =1.639+0.022 ps (Eur. Phys.J C71,1532)

15
B decay time [ps]
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Impact of effective lifetime
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Contours of A(logL) = 0.5
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Conclusions (1)

e Measurement of direct CP asymmetries in Bo>K*r and BY>nt*K decays

LHCb has recently obtained several results regarding searches of CPV and New Physics

e World’s best measurement of A,(B°>K*r) with 10.56 significance
e First observation of direct CP violation in B} decays with 6.50 significance

¢ Measurements of CP-violation and decay width difference with

B.>J/wh+h- B> b

¢s =0.01 +0.07 (stat)+0.01 (syst)rad,

¢ ¢ [-2.46,—0.76] rad at 68 % CL

s =0.661 % 0.004 (stat) & 0.006 (syst) ps—1, ] o
Total systematic uncertainties 0.22 rad

Al =0.106 £ 0.011 (stat) =+ 0.007 (syst) ps— 1.

e Measurement of B; effective lifetime

. Bg* KK Ttk = 1.455 £ 0.046 £ 0.006 ps ~ CP-even

* B2J(980) ¢ o =1.700+0.04040.026 ps

¢ BODJPKO _ CP-odd
: : Tyks = 1.75 £0.12 £ 0.07 ps

A. Carbone 20



Conclusions (I1)

e Other recent results not show today

e time-dependent analysis on B°>J/YK™ (including amplitudes
analysis), B°2>J/YK,

e B°and B, oscillation frequency with B> Dt*, B> JYK™ and
B.=>D.mt*

e B_lifetime with 2J/{m*

e All the results shown today are based on L=1fb", we
have additional L=2 fb" on tape

watch this space and stay tuned!
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