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Introduction

@ WHAT: interference between B2 decay to J/i»¢ either directly or via B3—BY

oscillation gives rise to a CP violating phase qﬁﬁ/’*‘”@ = s = oy — 20p

e WHY:
@ inSM, ¢s ~ 235 = —(0.0364 & 0.0016) rad, Bs = arg (— Vis Vi / Ves V)
@ in presence of NP in the mixing box, ¢s can be larger

@ HOW: tagged time-dependent angular analysis.
Fit differential decay rates (for B2 and B9):

d*r(B — Jo)
dt dcos 6, dpp dcos bk

= f(d)S,ArS, s, Amg, |AL|7 |AH|a |AS|a 5La 5”3 )
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Phenomenology

B2 — JipK* K~ proceeds predominantly via B — Jhpe, with ¢ — KK, i.e.
P-wave (P2VV, mixture of CP-even and CP-odd)

Small component with K* K~ in S-wave (CP-odd)

Decay decomposed into 4 amplitudes: three P-waves, Ao, A, AL
and one S-wave, As
d*r(BY — J/ypKtK™)
dt dQ

10
o< > hi(t) £(Q)

k=1

he(t) = Nee "' [ax cosh (FATst) + by sinh (1ATst) + cx cos(Amgt) + di sin(Amt)]
Ams = MH — ML, Ars =l —Tu

Nk, ak, by, ck, di are functions of the 4 amplitudes, strong phases and ¢s

For B2, change sign of ¢« and dx
— significant gain when flavour tagging is used

@ Decay rates depend on 11 physics parameters

@ Decay rates invariant under

((]55, Ars,50,5”,6l7 (53) — (7T — (Z)s7 —AI’S, —507 —5“,71' — 5i, —55)
— 2-fold ambiguity
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Selection of B — JWK K~

Cut-based selection, using 1 fb~! taken in 2011
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27617 BY— JiyK*K~ candidates, very small background
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Decay time resolution

Good decay time resolution essential to resolve the fast B3-B2 oscillation
(2 /Amg ~350f1s)

Use per-event decay time error, with scale factor determined on real data,
using prompt Japut i~ combinations
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Prompt J/24p ™~ candidates

Effective decay time resolution is 45 fs (< 27/ Amy)

Olivier Leroy (CPPM) CPVin Bg — J,’u-K*K’ at LHCb 3 April 2013



Decay time acceptance

Decay time acceptance using a lifetime-unbiased trigger sample.

92% of our sample has a nearly flat decay time acceptance.

8% more difficult to handle, but added anyway for optimal used of the data
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Angular acceptance

Forward geometry of LHCb + selections cuts = distorted angular acceptance
Determined using MC

o ‘ ‘ > . : = ‘ ‘
3 : : 1 e f ‘ : 1 2 . f - : 1
£ L1r LHCb simulation 1 E ;45 LHCbsimulation 1 £ LIF LHCb simulation E
8 1 8 g ]
c 1.05 ! c c 1.05— -
s + 1 s 1af s F 3 1
g 18 | g poaer e
g ! ¥ 8 1osf g irr T RS
@ g Ho& Tt &
© o9 1 8 4 B o095 b
< 1% <
O ] O O r 1
@ o9 3 % oss P oL 3
1 05 0 05 B 2

3
4, racl

Olivier Leroy (CPPM) CPVin Bg — JAPKT K™ atLHCb 3 April 2013 8/18



Tag initial B? flavour

same side
kaon tagger

Same side

proton proton

vertex-charge tagger

Opposite side . ) f ]
* from inclusive vertexing

opposite
kaon tagger (K7)

positive lepton taggers

negative lepton taggers from bso—s] cascade

(e, w) from b-quark

—_ _R+W _ W i _ o 2 2
Q e = grwip: W= mw: 1290iNg POWEr = eeff = £ugD” = ug(1 — 2w)
~ effective reduction of signal sample size due to imperfect tagging

@ Mistag fraction, w, estimated event by event
@ Tagging algorithm optimized and calibrated on real data with B> — D*~ u*v,,, B¥ — JipK*
B® — JapK*® and B — Dy 7+
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Flavour tagging calibration

Calibration on real data, using flavor specific control channels
Measured true mistag versus estimated mistag probability:

3 0.6———

E LHCb ]
05F 3
: B* — JK* ]
04F E

0.3 .

0.22— H, 4 *

0.1f .

Calibration | Pg | Py | () | Apg
[¢ 0.392 £ 0.002 £ 0.008 1.000 £ 0.020 + 0.012 0.392 0.011 £ 0.003
SSK 0.350 4 0.015 £ 0.007 1.000 + 0.160 + 0.020 0.350 —0.019 4+ 0.005
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Flavour tagging performance
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Fit

Unbinned maximum likelihood fit (t, m, angles, flavour)
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Results [LHCb-PAPER-2013-002 preliminary]

@ BY— JiK* K~ alone:
s =0.07 +0.09 (stat) + 0.01 (syst)rad,
s = (. +Ty)/2 = 0.663 £ 0.005 (stat) + 0.006 (syst) ps~'
Als=T.—Ty =0.100 & 0.016 (stat) & 0.003 (syst) ps~'

@ World most precise measurements!

@ Combined analysis with B(S) — J/1/J7r+7r7 [LHCb, PLB 713 (2012) 378]

¢s =0.01 £+ 0.07 (stat) = 0.01 (syst)rad,
Ms = 0.661 + 0.004 (stat) + 0.006 (syst) ps~'
AT =0.106 + 0.011 (stat) + 0.007 (syst) ps~'

@ Compatible with SM so far
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Systematics

Source s Arg AL (1% | 14012 5| L bs By
s~ | s frad] | [rad] | [rad]

Stat. uncertainty 0.0048 0.016 0.0086 0.0061 013 | 022 | 0091 | o0a1
Background subtraction 0.0041 0.002 - 0.0031 0.03 0.02 0.003 0.003
B% — J/apk*O background 0.001 0.0030 0.0001 0.01 002 | 0.004 | 0.005
Ang. acc. reweighting 0.0007 - 0.0052 0.0091 0.07 0.05 0.003 0.020
Ang. acc. statistical 0.0002 - 0.0020 0.0010 0.03 004 | 0.007 | 0.006
Lower decay time acc. model 0.0023 0.002 - - - - - -
Upper decay time acc. model 0.0040 - - - - - - -
Length and mom. scales 0.0002 - - - - - - -
Fit bias — — 0.0010 — — — — —
Quadratic sum of syst. 0.0063 0.003 0.0064 0.0097 0.08 007 | 0009 | 0022
Total uncertainties 0.0079 0.016 0.0107 0.0114 HO | 023 | o091 | o038

Very small systematics uncertainty on ¢
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By-product 1: standalone Am, measurement
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Am, =17.70 4+ 0.10 (stat) & 0.01 (syst) ps~!

compatible with LHCb-PAPER-2013-006, 16", B — Dy x*:
Am, = 17.68 + 0.023 (stat) + 0.006 (syst) ps '
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By-product 2: resolving the sign of Al'g

@ Reminder: decay rates invariant under

(¢Sa Ar576076”76l7 65) — (7T - ¢5’ _AI—S) _605 _6\\371- - 5l7 _65)

@ Expect:

e P-wave phase increases rapidly with mgx

@ S-wave phase varies slowly
@ hence §s — 6, decreases
@ Observe:

o falling phase trend (blue circles), hence Al's > 0
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Comparison with other

5 LHCb 1.0fb™ + CDF 9.6fb '+ D@ 8fb™ + ATLAS 4.9fb™
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Conclusions and prospects

@ With 1fb~!, using BY — JWK+*K~ and B — Jipmtm—,
LHCb performed the world most precise measurements of:

os =0.01 4+ 0.07 (stat) £ 0.01 (syst) rad,
Ms = 0.661 + 0.004 (stat) + 0.006 (syst) ps~'
AT =0.106 + 0.011 (stat) + 0.007 (syst) ps~'

@ Results preliminary, compatible with Standard Model so far B
— Stronger constraints than ever on possible SM extensions in B2—B2
mixing and still room for NP!

@ Expected uncertainty on ¢ by the end of LHCb upgrade: ~ 0.008 rad

Olivier Leroy (CPPM) CPVin Bg — J,’u‘vKJrK’ at LHCb 3 April 2013 18/18
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Page 36 B2 — JiK*K~analysis
Page 46 Upgrade
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B mixing and lifetime |
The neutral B, (g = d, s) system is described by the following equation

(2 (180)) — (- Lge) (18400 )

dt \ [By(1)) 2 |By(1))

The famous box diagrams give rise to off-diagonal elements M/, and '}, in
the mass matrix /19 and the decay rate matrix 9

Diagonalization of /19 and ['7 gives the mass eigenstates

CP-odd: By :=pB+qgB , CP-even: B,:=pB-gB
with  |p|* + |q|* = 1

with the corresponding masses M/, M, and decay rates I'/;, '}
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B mixing and lifetime |l

IM{,|, [TY,| and ¢12q = arg(—My,/T{,) are related to three observables:

. rap2 .
® Mass difference: AM, := M, — M] = 2|M{,| ( : M‘;“Q Sin® 124 )
12

|M{,| : heavy virtual particles: t, SUSY,

@ Decay rate difference:

r/>
ATg =] — 1§, = 21|08 braq (1 — § i sin” 12 + )

|I'§72 : light real particles: u, ¢, ... no NP — below hadronic uncertainties

@ Flavour specific / semi leptonic CP asymmetries:

2

ra, ra, AT, ra,\?
9 =1 ) = —9tan )
At mM N <M§’2> AN, 2" et Mfz
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New physics effects

General parametrization of new physics effects in mixing

SM
r12,5 - r12,s-,

SM .
M12,s - M1275 WAV

As = |Ag|e/s

leads to the following relations for observables

AM;
Al

S

afs

J
d)s/“’qb

2MiYs| - |As
2|T12,5| - cos (¢535 + 5)
M12,s] sin ( 1 + 95
M3 |

_268 + d)SA + 5l§€l:\gg. + 5113\‘Ielj1g.

Remember: ¢35L = arg(—M;3,/T$,) and Bs = arg (— Vis Vi / Ves Vi)
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Constraints on New phySiCS o s axvio70ess

10° x BR(Bs = utpu™)

Correlation between the branching ratio of BS — u*u~ and the
mixing-induced CP asymmetry — sin ¢ in the SM4, the two-Higgs doublet
model with flavour blind phases and three SUSY favour models. The SM point

is marked by a star.
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http://arxiv.org/abs/1107.0266

NP in B mixing

A
M, = M3YS A, Ag =|Agle’s
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[CKMfitter], after ICHEP2012, updated of arXiv:1203.0238v2. [LHCb-CONF-2012-022] ASLs included.
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New physics in B2-mixing

b S,
bg T SRr
’d
(823)RR
g ) g
- ~
s b
Sy -----B-:)g----':-‘--- bg
(823)rR

+ Examples of NP affecting @ and being compatible with
Am =17 .8ps-!
n  hep-ph/0703117 (little higgs model with T parity)
hep-ph/0703112 (susy, extra Z', little Higss)
Hou et al., hep-ph/0810.3396 (4™ generation; top')
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New Physics

Example of NP models compatible with all current measurements and
modifying ¢s: A. J. Buras et al. arXiv:1211.1237

Other recent articles:

arXiv:1204.3872

arXiv:1207.0688
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CPV in B2 and B° mixing

N(BO(t) = v X) — N(B°(t) = % X) _ |p/ql3 —|a/pl5
N(BO(t) — 1, X) + N(B°(t) — ¢~ X)  |p/ql3+ |q/p5

d _
ASL_

DY measures [PRD84, 052007 (2011)] :

1 Z4AL + f,ZAS
Ay = fafafs T iAe g 00787 + 0.00172(stat) + 0.00093(syst)
faZy + 1-Zs

where Zg = 1/(1 — y2) —1/(1 + x&) = 2xq/(1 — ¥2), g =d,s
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CPV in B2 and B° mixing
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| | L
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Ag(B)

Direct measurements of AZ, and AgL (B%average as the vertical band, Blaverage as the
horizontal band, DO dimuon result as the green ellipse), together with their two-dimensional
average (red hatched ellipse). The red point close to (0, 0) is the Standard Model prediction with
error bars multiplied by 10. The prediction and the experimental average deviate from each other
by 2.40.

[HFAG 2012, preliminary]
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CPV in the mixing

LHCb-CONF-2012-022
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BY mixing phase
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2
r
Alg = 2|F12| COS¢12 + O ( ﬁé )
S — 0.0038 + 0.0010 [Lenz]
P12 = P13 + s
2 2
s o N2 T2 — Ars T2
ASL*\Y(M12)+O< Mz ) = am @N¢12 + 0 Mz
ccs\SM
(¢Z55)™M = —28, = —0.0364 + 0.0016, fBs = arg[— (VisVi) / (Ves V33)]
c:‘:s NP
= —28s + ¢15
cCs
¢12 = ¢35 + 285 + ¢
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P — VV decays

@ B!is a pseudoscalar meson (J = 17), ¢ and J/ip are vector mesons (JF=17)

@ Total angular momentum conservation = in the B? rest frame, ¢ and J/i) have
relative orbital momentum ¢=0, 1, 2

@ Since CP|Jk¢) = (—1)°|JAbe), final state is a mixture of CP-even (¢ = 0,2) and
CP-odd (¢ = 1)

@ Decompose decay amplitudes in terms of linear polarization, when Ji) and ¢ are:

@ Ay: longitudinally polarized (CP-even)
@ A, : transversely polarized and L to each other (CP-odd)
e Aj: transversely polarized and || to each other (CP-even)

@ BY— JiK* K~ can also be produced with K* K~ pairs in an S-wave
configuration (CP-odd).

@ — 3 angles describe directions of final decay products Jiy — ptp~ and
o — KTK™
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Decay rate for BY — JiKT K~

hi(t) =

d*r(BY — J/ypKtK™)
x

dt dQ

Nee™"s" [ax cosh (1 ATst) + by sinh (3 ATst) + ¢ cos(Amt) + di sin(Amt)]

k| (Ou. Ok p) Nie ay by %k L/
1| 2cos? oy sin® 6, [4g(0)[2 1 D c —s
2 | sin? 6y (1 — sin? 6, cos? <,a,,) \AH(0)|2 1 D c -s
3 | sin? 0y (1 — sin? 6y, sin® g;,,) |A| (0)]2 1 -D c s
4| sin® 0y sin? 6, sin 20, A (AL ()| Csin(s1 — &) Scos(5y — &) | sin(sL — o)) Deos(sy — &)
5 %\/Esin 20y sin20, cos pp, \AO(O)AH(O)\ cos(5” — 39g) Dcos(&ll — 4p) Ccos(&H — dp) —Scos((SH —4p)
6 —%\/ésinze,( sin26, sin ¢y [Ag(0)A ) (0)]| Csin(6 | — &p) Scos(6) — dp) sin(6 ] — dp) Dcos(6 | — d¢p)
7| 2sin?o, |Ag(0)|2 1 -D c s
8 3\/ésin Oy sin20, cos pp \AS(O)AH(O)\ Ccos(éH — dg) Ssin(éu — dg) cos(éH — dg) Dsin(éH — dg)
9 —%x/@sin O sin26,, sin op |Ag(0)A ) (0)|| sin(s6 — dg) —Dsin(5  —dg) Csin(6 — dg) Ssin(s; — &g)
10 %x@cos Ok sin? m |Ag(0)Ag(0)| Ccos(5g — dg) Ssin(sg — dg) cos(dg — Jg) Dsin(ég — dg)
1— A2 23(\) . —2R(N)
ST TR CoTERE
_ g A . .
ANi = ——, ni=+1forie{0,]|} and —1forie {L,S}
p A
Ai=miXh, ¢s = —arg(A)
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Penguin pollution in B2 — Jip¢

+  Inthe SM, B,—»J/y0 decay is dominated by a smgle weak phase: V.V,

A —
|
i

: ) ; 'l
T/ W coonr singet | | J,”@""
'\ | |

b eselige

B
S
-PL(BH ?(g) = ";-‘:];(AT + P) + I/IH ‘/:_ﬁ-)Rl + ‘]lﬁ"?{‘npl
- ‘C*"Cb(AT+P Pt) +-[’l|ﬁ ub(‘p)“ )
Vg = Vv, — v:.;v;;[\{m 21— 322 ~ AN (p + in)
+  Various penguin pollution estimates:
= §P~10+ [H. Boos et dl., Phys.Rev. D70 (2004) 036006]
L] 6P~10% [M. Gronau et al., arXiv:0812.4796]

= 3Pupte~01 [S. Falleretal., arXiv:0810.4248v1]
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Penguin pollution in B2 — Jip¢

[S. Faller et al. arXiv:0810.4248v1]

.
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A R
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| S \\ v
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2
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e

s i /[ ‘ﬂ‘ T 7 7 _
b b N b ) dCC
B {T B fl 7/1“\‘\
s | s AN ] ;
[ \ v Penguins NOT suppressed
3 ]

wrt free

A(BY = (J/¢K™) 1) =4 {] - a}fie} eh}

Olivier Leroy (CPPM) CPVin Bg — J,’u‘vKJrK’ at LHCb 3 April 2013 34/18



A way to introduce (g

Vo can be written with 4 independent parameters:

m  the « usual » Wolfenstein parameters ,A pn
1= A2 A AN (p . in) ,
Verkm = —A -1y AN? + O
AN (1 —p—in) —AN 1
. Or |V, IVl IVal, [Vl [Branco 1988]
= Or 4 independent phases: v, B, B, B¢
~ = are [7 Klrl‘ﬁi’ix}
o v
V:'d":"\()
i =arg| -~ 7%
e Vvl
. Vr»VaiﬁJ
Bs = arg | —
e
. VuJ’]Td)
B = arg -
K ' [ V;"I/('(l
e References:

>  6.C. Branco and L. Lavoura, Phys. Lett. B
»  R.Aleksan, B. Kayser, and D. London. Det
Asymmetries. Phys. Rev. Lett., 73:18.20,
See also: J. Silva, hep-ph/0410351
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G. C. Brance et al., CP violation, Oxford University Press, (1999)

ermining the Quark Mixing Matrix from CP-Viclating
1994, hep-ph/9403341
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b—d and b—s unitarity triangles

SM values, both triangles on the same scale, bs triangle shifted by etabar-0.3 to be visible
b-d trianglde divided by VedVcb*; while bs triangle divided by VesVeb*

VudVab + VaaV + ViaVp = 0
thVrE:

Vudeb

VeaVe

Vcdv(;f h

O
ey
=
*
‘/115‘/1_113 -
VsV,
=

Olivier Leroy (CPPM)

. [):.dm]
N
= =(21.5+ 0.5)°
VsVih + VsV + WV = 0
p VisVih)
| Bs=arg|—
e L Vs ch/
3 — e B : il ~(1.05 £ 0.05)°
VtSVth P
*
VZ‘HVL‘])
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Selection of BY — JiyK* K~ candidates

[ Decay mode Cut parameter [ Stripping | _Final selection ]
all tracks Xﬁ-mck/"D"F <5 <4
clone distance - > 5000
Jp — ptu LY >0 >0
min(py(n), pr(n=)) | - > 0.5GeV/c
X2y /nDoF(J/h) < 16 < 16
IM(ut ™) — M) < 80 Mev/c? € [3030, 3150] MeV/c?
¢ — KTK™ Aln Ly, > -2 >0
pr(®) > 1GeV/e > 1GeV/c
M(¢) € [980, 1050] MeV/c? € [990, 1050] MeV/c?
X2 /0DoF(¢) | < 16 < 16
B = Jpo M(B%) € [5200, 5550) MeV/c2 | € [5200, 5550] MeV/c?
Xax/an(Bﬁ) <10 <10
2
Xprr(B+pv)/"PF(Bs) | - <5
xbBY) | - <25
BY | - 50
X|Pnext(Bs >
((x) | >0.2ps [0.3, 14.0] ps
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Selection

% 1600F : E ‘g 3500 7 T ‘ T
2 s00n LHCb E 2 3000- LHCb 3
1200 E 2 2500 E
‘@ 1000 E 2 2000k E
8k ] 8 2000 E
g 8o E 8 1500F E
S 600K . k] E ]
c E ] c E E
8 400F E 8 10005 E
200F E 500 E
G C i . 0 C i |

3050 3100 315( 1000 1020 1040
m(utp) [MeV/c? m(K*K) [MeV/cq

Background subtracted invariant mass distributions of the u+ p (left) and KtKk— (right) systems in the selected sample of Bg — J/wK*K*

candidates (full m(J/w,UK*K* ) range). The solid blue line represents the fit to the data points.

Olivier Leroy (CPPM) CPVin Bg — JapKT K~ at LHCb 3 April 2013 38/18




Systematics related to angular acceptance

~ 0.05 ———— — ~0.035 T !
L E E N ]
200458 s LHCb 1 % omb LHCb E
O g04F # 1 © ¢ .ﬂ{ ]
= E —s— LHCb data i1 = E ’ —=— LHCb data
<0035F% - 1 0025 - Bi
@ E . . E [o* ;
g 0.03 7* ‘# —e— LHCb simulation 7 g o0k ; ‘: —— LHCb simulation 3
go.ozs e 34 i % s [

£ o, E - L) -
S oofr ¢ 4 300, %

E E F»
st Y @ 12 (6)
Z0.015F 1 2 o0l
E o0lf, EEI:
g woost 1 Eooost
z" Oi | i “ 0:

0 50 0 50

100 — 100
p(K) [GeV/c] p(w) [GeV/c]
Background-subtracted kaon (a) and muon (b) momentum distributions for
B2 — JwpK* K~ signal events in data compared to simulated B2 — J/i)¢ signal events.
The distributions are normalised to the same area. A larger deviation is visible for
kaons.
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Fit

Unbinned maximum likelihhod fit

~InL=-a ) Wins
events |
W, = signal sWeights
a =Y, W;/>, W?is used to include the effect of the weights in the
determination of the uncertainties amxivo00s.0724)

S, Q) = e(t,Q) - [(“2‘1" - Pg(A,t,0) + = P5 (A t, Q)) ® Rt]

— | N/ |

Proper time and angular acceptance tagging Proper time resolution
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Results [LHcb-PAPER-2013-002]

0.2 ————————1————————

o

8_ 0.18 LHCb — 68 % C.L.
%) 016 ----- 90 % C.L.
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3 a1aE- e 95 9% C.L.
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Results [LHcb-PAPER-2013-002]

Parameter | Value Ostat Osys

Fs[ps~'] | 0.661 | 0.004 | 0.006
ATs[ps~'] | 0.106 | 0.011 | 0.007
|AL(1)? 0.246 | 0.007 | 0.006
|Ao(t)[2 0.523 | 0.005 | 0.010
5 [rad] 332 | G5 | 008
§1 [rad] 3.04 | 020 | 0.07
¢s [rad] 0.01 0.07 0.01

I\l 0.93 | 0.03 | 0.02

Results of combined fit to the BY — J/yK*+ K~ and B? — J/¢r* 7~ datasets.
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Correlation matrix for the principal physics parameters,

BY — JWK* K-

s ars 1AL M2 | 14012 5| 51 s BY
lps— "] lps— ] [rad] [rad] [rad]
Ts[ps— 1] 1.00 —0.39 0.37 —0.27 —0.09 —0.03 0.06 0.03
Alg [ps—!] 1.00 —0.68 0.63 0.03 0.04 —0.04 0.00
1AL (1)]2 1.00 —0.58 —0.28 —0.09 0.08 —0.04
\Ao(t)\2 1.00 —0.02 —0.00 —0.05 0.02
5 lrad] 1.00 0.32 —0.03 0.05
5 [rad] 1.00 0.28 0.00
¢s [rad] 1.00 0.04
BNl 1.00

pKT K~ atLHCb 3 April 2013 43/18
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Correlation matrix for statistical uncertainties on

combined results

s ars | 1AL | 14012 s 51 s BY
lps— "] lps— ] [rad] [rad] [rad]
Ts[ps— 1] 1.00 0.10 0.08 0.03 —0.08 —0.04 0.01 0.00
Alg [ps—!] 1.00 —0.49 0.47 0.00 0.00 0.00 —0.01
AL (1)]2 1.00 —0.40 —0.37 —0.14 0.02 —0.05
\Ao(l)\z 1.00 —0.05 —0.03 —0.01 0.01
6H[rad] 1.00 0.39 —0.01 0.13
5| [rad] 1.00 0.21 0.03
¢s [rad] 1.00 0.06
BNl 1.00
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[LHCb-PAPER-2013-006, preliminary]

3 B e Tagged mixed
g i e Tagged unmixed
5 400~ —— Fit mixed
[ i —— Fit unmixed
= |
S B
T
c 200
]
s |
H =
0
0 1 2 3 4

decay time [ps]

Am, = 17.68 4 0.023 (stat) 4 0.006 (syst) ps '
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Comparison with other

LHCb-PAPER-2013-002 (1 fb~!, this talk):

Os =0.01 +£0.07 (stat)+0.01 (syst)rad,
1
M —0.661 + 0.004 (stat) + 0.006 (syst) ps—',
AT —0.106 + 0.011 (stat) = 0.007 (syst) ps~".

Experiment Dataset [ fb— 1 ] Ref. ¢l rad] Alg[ps™ 1 ]
LHCb (B — J/¢) 0.4 LHCb2011 0.15 + 0.18 £ 0.06 0.123 % 0.029 & 0.011
LHCb (B§ — J/prtaT) 1.0 LHCb-PAPER-2012-006  —0. o19+%173+°0°g(‘}3 -
LHCb (combined) 0.4+1.0 LHCb-PAPER-2012-006 0.06 + 0.12 & 0.06 -
ATLAS 4.9 ATLAS2012 0.22 + 0.41 % 0.10 0.053 % 0.021 & 0.010
cMms 5.0 CMS2012 - 0.048 £ 0.024 % 0.003
Do 8.0 D02011 —0.5510.38 0.16370,085
CDF 9.6 CDF2012 [—0.60, 0.12] at68% CL  0.068 = 0.026 =+ 0.009

ATLAS and CMS do not use flavour tagging (yet)
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Expected performances of LHCb upgrade cew.cozmer

Type Observable Current LHCH Upgrade Theory
precision 2018 (50fb™Y)  uncertainty
BY mixing 2B, (BY — Jfb @) 0.10 [9] 0.025 0.008 ~ 0.003
28, (BY = I fo(980)) 0.17 [10] 0.045 0.014 ~0.01
Ax(BY) 64x 10 [15]  06x10%  02x10* 003 %103
Gluonic 28(BY = 99) - 0.17 0.03 0.02
penguin 281(BY — KOK*?) - 0.13 0.02 < 0.02
268°1(B° — ¢K2) 0.17 [15] 0.30 0.05 0.02
Right-handed BB = 67) - 0.0 0.02 Z0.01
currents (B — ¢y) /e - 5% 1% 0.2%
Electroweak  S3(BY — K¥pu+p~; 1 < ¢% < 6 GVl 0.08 [14] 0.025 0.008 0.02
penguin s0 Arg(B” = K%t p) 25% [14] 6% 2% %
Af(Kptp i1 < ¢ < 6GeVYch) 0.25 [17] 0.08 0.025 ~0.02
B(B* — nrptp ) /B(BY — K*pt ™) 25% [16] 8% 25% ~10%
Tiges B(BY — p=p0) T5x10°[] 05x107 016x10 03107
penguin B(B® — ptu)/B(BY — ptp) - ~ 100% ~35% ~5%
Unitarity v (B — DYK®) ~ 10-12° [19, 20] 4° 0.9° negligible
triangle v (BE — D,K) - 11° 2.0° negligible
angles B (B = J/WKY) 0.8° [13] 0.6° 0.2° negligible
Charm Ap 23x 1073 [18] 040 x 10=° 0.07 x 1077 -
CP violation AAcp 21x107* 5] 065x10* 0.12x10°* B

Table 1:

Statistical sensitivities of the LHCb upgrade to key observables. For each observable the current sensitivity

is compared to that which will be achieved by LHCb before the upgrade, and that which will be achieved with 50 fb~"
by the upgraded experiment. Systematic uncertainties are expected to be non-negligible for the most precisely measured

quantities.
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