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@ Theoretical overview
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Theoretical overview

Theoretical overview

@ The BY — K**K*? decay is sensitive to the CP-violating phase qde arising from

s
the interference between the decay of oscillated and not-oscillated B mesons.

o
a w
=

a¢t

@ The decay proceeds at leading order in the Standard Model (SM) through a gluonic
loop (penguin) diagram.
* Within the SM, ¢%¢ ~ 0.

* New particles entering the loop may change the value of ¢§"7, hinting the
presence of New Physics,

@ The theoretical uncertainty on gzs;” due to next to leading order contributions can
be estimated using the U-spin related channel B® — K*YK*? (Phys. Rev. D 60
(1999) 073008, Phys. Rev. D 76 (2007) 074005, Phys. Rev. Lett. 100 (2008) 031802).
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Kinematics of the decay

P — VV decay

@ Three different polarisation amplitudes: A(‘)/V, A“l/v, AJ‘fV.

@ Angular analysis needed to disentangle between CP-even, n,‘,/v =1, and
CP-odd, n)/V = —1, polarisation states, with h € {0, |, L}.

A = ZA,‘{V-@,‘,/V(COSHLCOSQQ,@)
h

|
I

Z nf\{vzf‘,/v . @,Yv(cos 01, cos 2, )
h

Julidn Garcfa Pardifias TD analysis of BsD — (KT~ )k— =T CKM 2016 4



Outline

© Time integrated studies
@ First observation
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First observation ( )

o First observation of the decay B — K*°K*® with K** - KT7~ and K*®* — K~ 7™
reported by LHCb, using 35 pb™! of data from p-p collisions at /s = 7 TeV.
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@ Untagged and time-integrated angular analysis yielded:

|ASY|* = 0.30 & 0.12(stat.) 4 0.04(syst.)
|AYY|* = 0.38 4 0.11(stat.) 4 0.04(syst.)

@ Visible S-wave component in the M(K~) distribution, yet difficult to estimate.
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© Time integrated studies

@ Polarisation fractions and CP
asymmetries

Julidn Garcia Pardifias TD analysis of BSD — (KT~ )k— =T CKM 2016 7



Time integrated studies Polarisation fractions and (P asymmetries

Angular analysis (

@ Untagged and time-integrated angular analysis based on 697 + 33 events observed
in LHCb in 1 fb™! of data from p-p collisions at /s = 7 TeV.

@ Three S-wave states included in the analysis (6 amplitudes in total):
ASS, A5+ — 1/\/§(AVS +ASV) and A57 — 1/\/§(AVS _ ASV) )
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Parameter  Value + stat. &£ syst. Parameter ~ Value + stat. + syst.
v 0.201 & 0.057 + 0.040 5V 531+£024+0.14
flgw 0.215+£0.046 £ 0.015 | §¥V — 65+  1.95+0.21+0.04
|AST)? 0.114 4+ 0.037 £ 0.023 55— 1.79 4 0.19 + 0.19
|AS—|? 0.485 £ 0.051 4 0.019 553 1.06 & 0.27 £ 0.23
|ASS|2 0.066 = 0.022 4 0.007
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http://link.springer.com/article/10.1007%2FJHEP07%282015%29166

Time integrated studies Polarisation fractions and (P asymmetries

CP asymmetries (

Accessible time-integrated CP asymmetries:
@ 7T-odd Triple Product correlations, g - (e1 X €2):
o Im(AFAYY — AFAYY)
@ S-wave induced direct CP asymmetries:
b Re(A,TASJr - A}‘ASJ')
Computed as:

N(g7.p(cos b1, cos b2, p) < 0) — N(gF p(cos b1, cos b2, ) > 0)
N(g7 p(cos b1, cos bz, p) < 0) + N(gj p(cos b1, cos b2, ) > 0)

i
Arp =

Parameter Value + stat. =+ syst. Parameter Value + stat. &+ syst.
AL 0.003 £ 0.041 + 0.009 Al —0.061 £ 0.041 + 0.012
A% 0.009 + 0.041 4 0.009 A2 0.081 4 0.041 + 0.008
A3 0.019 + 0.041 + 0.008 A3 —0.079 £ 0.041 £ 0.023
A% —0.040 £ 0.041 + 0.008 A —0.081 + 0.041 + 0.010
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Outline

e Time-dependent study (New, LHCb preliminary)
@ Extended range approach
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Extended range approach

@ The 3 fb~! corresponding to the full LHC Run 1 allow for the measurement of the
CP-violating phase ¢2°.

@ Extra considerations:

1 Still small statistics compared to similar channels like B — ¢¢.
| Large S-wave component, difficult to estimate in the K*® window.
1 Decays to similar (5d)(ds) quark states going to (K*n~)(K~7") can be

assumed to share the same ¢29 phase.

@ Followed approach:

Perform a tagged and time-dependent study of BY — (K*7™)(K~7™) decays,

with M(K*7F) € [750,1600] MeV/c?, so as to measure the ¢p29 phase common
to those channels.
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Extended range approach

Dominant K7 components:

@ Scalar comp.: K;(1430)° 4+ Non Res.
@ Vector comp.: K*(892)°
@ Tensor comp.: K;(1430)°

This leads to 3x3 = 9 decay channels
with 19 polarisation amplitudes.

Channel
Channel #1
Channel #2
Channel #3
Channel #4
Channel #5
Channel #6
Channel #7
Channel #38
Channel #9

Julidn Garcia Pardifias

Decay

BY = (Ktm)s(K—nt)s
BY — (Kt7—):K*(892)°
BY — K*(892)°(K—nt);
BY — (K*7 )5 Ky (1430)°
BY — K (1430)%(K—7+)s
BY — K*(892)°K*(892)°
B2 — K*(892)°K3 (1430)°
BY — Ky (1430)°K*(892)°
BY — K (1430)°K; (1430)°

LHCb preliminary

sWeighted Events

Polarisation states
SS
Y%
VS
ST
TS
VVo, VV
VTO, VT
TVO, TV

, VVL
, VTL
, TVL

TTO, TT|1, TTL1, TT|]2, TTL2
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© Time-dependent study

@ Event selection
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Time-dependent study Event selection

Event selection

Selection strategy:

© Loose cut-based selection, using topological and kinematic variables, to
remove the bulk of the background.

@ Boosted-Decision-Tree, using topological and kinematic variables, against
combinatorial background.

@ Particle identification cuts on kaons and pions, against background from
particle misidentification (reflections).

@ Mass vetoes on M(KtK~n%), M(KtK~) and M(mt7~), against
alternative Kt~ K~ n™ combinations.

© sWeighting procedure, using M(K*7~ K~ n™) as the discriminant variable,
to remove remaining background contributions. — See next slide
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Four-body invariant mass spectrum

Model components: 200 T T T —
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More than 6000 signal events are
found (LHCb preliminary). 5000 5200 5400 5600 5800

m(K*'tK ) (MeV/c?)
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Time-dependent study Flavour tagging

Outline

© Time-dependent study

@ Flavour tagging
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Flavour tagging
Flavour tagging

The b quarks are produced in 3B (sesas
T . b C kaon tagger
bb pairs at the LHC. LK 99
P — "
—> Two algorithms: Same side wt
@ Opposite Side (0S)
tagger combination Opposite side

@ Same Side (SS) kaon

proton Signal B! proton

. [ Vertex charge tagger
* | from inclusive vertexing

K~
Opposite side
kaon tagger

lepton taggers

Tagging information, per from b-quark J (/4
algorithm:

,e )

@ Tagging decision, q (q =1 for B, g = —1 for B? and g = 0 for untagged). The
fraction of events with g # 0 gives the tagging efficiency, €taq.

@ An estimated mistag probability, n, which is calibrated on data to obtain the
true mistag probability, w(n).

The OS and the SS tagger decisions are combined on-the-fly during fitting.
The effective tagging power is €cfr = €1ag (1 — 2w)?~ 5% (LHCb preliminary).
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RGNSl Time-dependent fit

Outline

© Time-dependent study

@ Time-dependent fit
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Phenomenological model

Analysis variables: time, angles, two-body invariant masses.

Time evolution of B? and B? mesons decaying to the final state f = (K™7 7 )(K~ 7 ™"):

(FBY(1)) = g+(t)<f\BS(0)>+ggf(t)<f|1§2(0)),

(FIBY(1)) = gg—(t)<f|Bg(0)> + g+ (£)(f1BY(0))

Amplitudes at t = 0:
(h = HKTn7), o= J(K™7T), h = helicity)

(FIB%(0)) = Z Ajhlj2 . @J,;“é (cos b1, cos b, ) - Hsz(ml, m),
J1:J2:h

(FIB%(0)) = Z n;;ljzzjhljz . @jhm(cos 01,cos 2, @) - Hj;jQ(ml, my)
J1:2:h

Phenomenological parameterisation for the mass-dependent terms:
HM2 (my, mp) = FM2 (my, m2) - M, (m1) - M, (m2)

FI%2(my, my) — Angular momentum barrier factors. M;(m) — Two-body decay mass
amplitudes, including the K§(1430)°, K*(892)° and K3(1430)° resonances.
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RGNSl Time-dependent fit

Acceptance and resolution effects

Acceptance

The geometry of the LHCb detector and the event selection process induce
variable-dependent efficiencies, that are studied in simulated data.
@ Time and kinematic (angles and masses) acceptances assumed to factorise.
o Time acceptance introduced analytically, parameterised with cubic splines.

o Kinematic acceptance introduced via weights in the normalisation of the
fitting model, accounting for correlations among the angles and masses.

Resolution

The time resolution associated to the event reconstruction process impacts the
sensitivity on gd, so it has to be accounted for.
o Estimated per-event decay time error, §;, obtained from the reconstruction
fits.

o Calibration of ; using simulated data, to obtain the true decay time
resolution per event, o¢(d¢).
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RGNSl Time-dependent fit

Current status

@ The B and B? time, angular and mass-dependent decay amplitudes, including the
19 polarisation states, are squared and combined according to tagging, accounting
for acceptance and resolution effects.

@ The PDF is fitted to the background subtracted data sample, so as to measure:

* Polarisation fractions and strong phases for all the states.
* A 99 phase and a direct CP asymmetry common to the channels.

@ The analysis is currently in internal review and the measured value for ¢>§"7 is kept
blind.

* A preliminary estimate of the statistical uncertainty on ¢¢ is found to be
less than 0.2 rad (LHCb preliminary).
For comparison with similar measurements:
- The precision on the world average measurement of ¢<° (BS — J/opKTK™
and BY — J/4mtr™) is 0.033 rad (arXiv:1412.7515).
- The precision on the LHCb measurement of ¢5° (B2 — ¢¢) is 0.15 rad (Phys.
Rev. D 90, 052011).
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@ Conclusions
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Conclusions

Conclusions

@ The BY — K*K* decay is a golden channel in the search for New Physics
through the measurement of the mixing-induced CP-violating phase ¢27.

o The U-spin related mode B® — K**K*? can be used to estimate the
theoretical uncertainty on ¢2¢ due to higher order SM contributions (Phys.
Rev. D 60 (1999) 073008, Phys. Rev. D 76 (2007) 074005, Phys. Rev. Lett. 100
(2008) 031802).

@ LHCb has already presented the measurements of the CP asymmetries accessible
with an untagged and time-integrated analysis, obtaining results compatible with
the SM (JHEP 07 (2015) 166).

@ The LHCb tagged and time-dependent analysis of B — (K*7~)(K~ =)
decays, with M(K=xT) € [750,1600] MeV/c?, is currently under internal review
and waiting for the unblinding of ¢>‘;‘7.

Stay tuned!
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Conclusions
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The LHCb detector

© TWO-LEVEL TRIGGER:
- LO hardware (12 — 1 MHz)
- HLT software ( 1 — 0.005 MHz)

TRACKING SYSTEM
momentum resolution
Ap/p = 0.4% —0.6%

VERTEX DETECTOR

reconstruct vertices Very good &(p)
decay time resolution: 46 fs Good £(h)
IP reconstruction: 20 um
COLLISIONS
@ 40 MHz
b
~12 MHz
VISIBLE :
INTERACTIONS DIPOLE MAGNET
(2012) —— 4Tm
normal conducting
regular polarit:
e MUON SYSTEM

CALORIMETERS
RICH DETECTORS energy measurement

K/w/p separation particle identification
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Conclusions

Time-dependent model

Conditional PDF used for fitting:

ity i< RelK(t) - Fy(Q)]
Z,}/g:l 1<t Re[([ dt’ Kilflf/tag(tl) er(t')) - &irjr]

PDFﬁt(t, Q) =

Time-dependent terms and physical parameters:

Ki(t) = R(t,6:)® {e "' [¢; - (ajcosh(1/2ATt) + by sinh(1/2AT st))
+ (- (cjjcos (AM;t) + djjsin (AM;t))]}
K"'® are obtaining by summing K; over the tagging decisions.
Kinematic terms (making the identifications i = {1, j», h} and j = {ji, j5, I'}):

Fi(Q) = (2—4;)- @ﬁjz(cosﬁl,cos 02, ) - @J,'}//Q/*(cosﬁl,cos 62, ©)
M, (my) - My (mz2) - M (my) - M, (mg)

N 4
.Ff,ljz(ml, m2) . f#/lz(ml, m2) . ¢4(m17 m2)
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Angular terms (1)

’ 1 ‘ 2 ‘ h ‘ Yng(QL 7cp)Yl';’2(7r —6-,0) ‘ ©j,j,h(cos b1, cos b2, ) ‘
oJo] of/aYdYy 55m
0 1] 0] /aYoyp ’wfi cos 6
10| 0] vavpy? zr cos 0
02| 0| vaYdYyd 20, — 1)
2|0 0| vaY2YP %(3cos2 01 —1)
1 1 0 ﬁYf Y10 2\/* cos 01 cos 0
1|1 I %(Y{l Y1+1 + YfrlYfl) 4f sin 61 sin 62 cos ¢
11| L ZOorY =yt | —igesinysinbasing
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Angular terms (I1)

’ i ‘ P ‘ h ‘ Y (01, —9) Y, (m = 02,0) ‘ ©;,j,n(cos 01, cos b2, )
1|2 0| vaY2Y? 4‘\71i cos 01(3cos? 6y — 1)
1|2 I %(Y{lY;l + Yfr:l Y{l) 3\‘? sin 61 sin 03 cos 6> cos
12| L] Zoryt-vtyh 4f V5 5in 6, sin 6 cos 0, sin ¢
2 |1 0| vaYdY? _TG cos? 01 — 1) cos b
2 |1 I| %(Y;l\/l+1 + YZHYI_I) 7% sin 61 cos 01 sin 6> cos
2 |1 1 %(YQIYJI - vty f\\; sin 01 cos 61 sin 03 sin
2 |2 0| vaY2YD 8F(3c052 61 —1)(3cos? f, — 1)
2 |2 |1 %(Y;le+1 + Y2+1Y2_1) 4f sin 61 cos 01 sin 62 cos 03 cos ¢
2 2 11 %(Y{l\/jl - Y;l Y{l) 4\F sin 01 cos 07 sin 03 cos 0 sin ¢
2 |2 2 %(Y{ZYJZ + Y;r2 Y272) 16ﬁ sin? 61 sin? 0, cos(2¢)
2 |2 | L2 | (Y2 - YY) | i sin? Orsin® 0 sin(2¢)
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