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Introduction to ¢s %

Im

o ¢50: —28s - angle in B? system analogous to 3 in VoV
B® system v Vv
@ Possibility of measurement in interference between
B2 direct decay and mixing, BO
e.g. via b — cCs transitions, BY — J/v¢ s
@ Contributions from SM "tree", higher order
"penguin" and New Physics

| B 4. + | m
TR

¢s = dm — 26D = —285 + A 4 51F
¢s determined via global fit to experimental results
ignoring penguin diagrams contributions [CKMFitter]:

$s = —2arg <—\\;”—‘\;tz’) = —37.67%% mrad
s Yeb .

Prediction is very precise!
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https://arxiv.org/abs/1501.05013

Status of ¢s measurement

@ First measured by CDF and DO (Tevatron experiments)
@ Extensively studies by LHCb, ATLAS, CMS during Runl of the LHC
LHCb:

@ J/v¢ [PRL 114 (2015) 041801]

2 Do 8 bt - _
5 68% CLcotom @ J/¢K+TK~ above ¢(1020) [JHEP 08 (2017) 037]
(Alog £ = 1.15) _
@ J/ymtm™ [PLB 736 (2014) 186
CMS 19.7 fb ! /w [ ( ) ]
- @ (25)¢ [PLB 762 (2016) 253-262]
\\(DF 9.6 fb _
N @ D DS [PRL 113 (2014) 211801]
\
LHCb 3 fb! \ CMS:
ATLAS 19.2 fb~! /
A @ J/v¢ [PLB 757 (2016) 97-120]
-0.4 -0.2 -0.0 0.2

gipa ATLAS:
@ J/4¢ [JHEP 08 (2016) 147

¢s = —21 4 31 mrad M = —37.6797 mrad
[HFLAV Summer 2017] [CKMFitter]

@ World average (dominated by LHCb) consistent with SM predictions
But still far from the SM uncertainty (%™ ~1 mrad)= plenty of room for NP

@ Significant increase in ATLAS and CMS sensitivity is expected thanks to the new pixel
detectors: o+ ~60 fs instead o+ ~90 fs in Runl [ATL-PHYS-PUB-2013-010][CMS-TDR-11]
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https://arxiv.org/abs/1411.3104
https://arxiv.org/abs/1704.08217
https://arxiv.org/abs/1405.4140
https://arxiv.org/abs/1608.04855
https://arxiv.org/abs/1409.4619
https://arxiv.org/abs/1507.07527
https://arxiv.org/abs/1601.03297
http://www.slac.stanford.edu/xorg/hfag/osc/index.html
https://arxiv.org/abs/1501.05013
https://cds.cern.ch/record/1604429/files/ATL-PHYS-PUB-2013-010.pdf
https://cds.cern.ch/record/1481838?ln=en

Future of ¢ at LHCb

Estimations for main channels (only ostat) [LHCb-PUB-2014-040]

Decay mode

Runl (3 fb~1)[Run2 (8 fb~1)| Phase-l Upgrade [Theory
Ostat($s) [mrad]| (2010-12) | (2015-18) |(2021-29, ~50 fb—1)| limit
BY — J/yKK 49 25 9 ~1
B2 — J/vyfy 68 35 12 ~10
Ongoing new analyses and updates:
@ BY — J/¢(— ete )¢ with Runl
@ B? — (KTn~)(K~nt) with Runl
@ B? — J/YK+YK~ and B? — J/¢pmt 7™ with Run2
Future contributions with more data statistics (Run2/3/4):
@ BY — neh
® B2 — J/un(— )
@ BY = ¢(— KK )ntn~
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https://cds.cern.ch/record/1748643/files/LHCb-PUB-2014-040.pdf

Observation Of Bg — T]C¢ [JHEP 1707 (2017) 021] % K

@ Dominantly decay through the b — ¢Cs transition
@ Purely CP-even state = no angular analysis is required
@ 17c — into pp, 2K2m, 4w and 4K final states

BY

@ J/4 decaying to same final states is used as normalisation

: Soue g s ko .

= z . - @ Total decay amplitude

& S |A(mi; ¢, X)|? =

i Sk R (mis %)

S 3 l: @ Interference between 7. and

non-resonant states taken into account

@ First evidence for the
B2 — nc(— pp)mtm— (decay
proceeds via the f(980) resonance)

S 5 =

@ Expected the ¢s measurement with
more data statistics

Candidates / (7.0 MeV/c?)
o s o w

Candidates / (7.0 MeV/c?)

29 3 31 29 31
m(4m) [GeV/c*] m(4K) [GeV/c?]

B(B? = nc¢) = (5.01 & 0.53(stat) + 0.27(syst) = 0.63()) - 10~*
B(BS — nemtr™) = (1.76 + 0.59(stat) £ 0.12(syst) & 0.29(B)) - 104
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https://arxiv.org/abs/1702.08048

BY — J/ym(— ) lifetime efficiency

Purely CP-even state = no angular analysis is required
First step: measure | from decay time distribution
om ~48 MeV/c? = overlapping with B® — J/ym
component

B, — D! D; ey

B, — J/y m (This result) b |

2 ' "LHCb
o 10°E
Avg. (CP-even) 1.42 +0.02 o 2 L
il
K .
HFAG 2015 (B — J/y ¢) tof ] : -
s b=} B -
g
o
B, - K"K’ —e—i I
2 4 6 10
i i tlps]
1.3 1.35 1.4 1.45 1.5 I.I.S =
< C
w e £ 20 pu [ -
ST T |

Teff = 1.47940.034(stat) =+ 0.011(syst) ps ]

@ Limited size of data sample
@ Main systematic uncertainty is due to the decay time acceptance model
@ Consistent with the effective lifetime determined using other B? decay modes
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https://arxiv.org/pdf/1607.06314.pdf

Observation of BY — ¢(— KTK ™ )rtr— [PRD 95 (2017) 012006] % \K

@ Gluonic b — s penguin transition = B(BY — ¢ (980))ther ~ 2. 107

@ Isospin-violating AZ = 1 transition is mediated by a combination of an e/w penguin and
suppressed b — u transiton=> 3(B2 — ¢po)theer = 4.445%"27 .10~ 7

@ Time dependent angular amplitude analysis, BY — ¢¢ as normalization mode

FT T
100 - LHCb B
= - - . - [
1:3’ + LHCb 3 +~ sol — Sum
S Y E| & I o ]
S 0 Nsig ~ 700 E N [ - £(980) ]
% F 3 S
2 0 4 P £5(1270) i
S b B — ¢mm 2 60f s 7
S |
Z 02 B0 g 3 4or
El + AN, g T
S wE oL 3 ; r
E ) o Sxab Comb. bkg g 2
5100 5200 5300 5400 5500 5600 ] [
m(K*K'n*17) [MeV/c?] 0
L 1 1

1000

m(n* ) [MeV/c?]

B(B? — ¢£(980)) = (1.12 + 0.16(stat) T4 %2 (syst) + 0.11(B)) - 10~©
B(BS — ¢p°) (2.7 £0.7(stat) £ 0.2(syst) + 0.2(B)) - 10~ 7
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.012006

Conclusions

@ Recent measurements of ¢s in the B? system are consistent with the SM
= But still a lot of room for NP effects

T ! E
Eo014F H -5 09 LHCh =
El E —e— B! - J/yxr LHCh E
9\“0'12 E —e— B! > J/yyLHCh 1
S o1 F = = SM upper limit on [¢:" B] ¢
© o8t —— Mo H ssve ]
0.065 . [LHCb-PUB-2014-040] 3
TN ]

0.04
: = ]
0.02 !
(S S S =

2020 2030

=
o
B

@ Penguin effects in B? mixing are taken under control: A¢ "8 <20 mrad
[JHEP 11 (2015) 082][PLB 742 (2015) 38][JHEP 06 (2015) 131]

@ Run2 data from the LHC will allow the inclusion of more modes and improved
uncertainties on the ones already measured = STAY TUNED

Thank you for your attention!
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https://arxiv.org/pdf/1509.00400.pdf
https://arxiv.org/pdf/1411.1634.pdf
https://arxiv.org/pdf/1503.07055.pdf

Backups
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Large Hadron Collider beauty Detector [JINST 3 (2008) S08005] % }gi

Locator

Tracker RICH2 M
Turicensis o0
Dipole - Hadron Chambers
M Tracking Ealorimst
agnet Stations alorimeter

Single-arm forward spectrometer, covering 2< 1 <5 (10< 6 <300 (250) mrad)
Momentum resolution: Ap/p = 0.5% at 5 GeV/c to 1.0% at 200 GeV/c

Impact parameter resolution: 20 pum for high pt tracks

Decay time resolution: ~ 45 fs

Invariant mass resolution: ~ 8 MeV/c? for B — J/¢X decays with J/v) mass constraint
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

CKM - quark mixing matrix [Prog. Theor.Phys. 49 (1973) 652] %

The Cabibbo-Kobayashi-Maskawa matrix is a 3 x 3 unitary matrix which consists of information

about flavour changing weak decays
u dl Vud Vus Vub d
cl < |s = Vo Vs Vb -l s
t b Vie Vis Vu b

2 .
Vad Vs Vb 1-3 A AN(p—in)
Vekr = Ved Vs Vo | = -
Vied Vis Vi A= p—in) —AN 1

A~ 0.22
[PRL 53 (1984) 1802]
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https://academic.oup.com/ptp/article/49/2/652/1858101

Unitary triangles

Vud
Vekm = Ved

Triangle (db)

Via

Im
A
!
I
N(A-A%2) 4 K-
|
T O *
VuquT, ! V[dV(b
|
i
i .
N | VeV BN\
0 T > Re
p(1-A%2) 1

Vua Vi + Vea Vi + Vig Vi = 0

(% )
=arg (—
B € ( Via Vi,

¢€]
[PRL 10 (1963) 531] % D§

Vs Vb )
Vs Veb
Vis th

Triangle (sb)

Im
0 Vi Vb 5
Vus Zb — . Vl Re
Vts Vib

Vus V:b + Vcs Vc*b + Vts V:Z, =0

Vis Vi,
- _ VeV
= o ()

"Golden" mode

B — J/yKs: (bd) — (c€)(d5)

B — J/v¢: (bs) — (c€)(s3)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.10.531

Violation of the CP symmetry % -“‘9

[

¢p = arg(Ves V)

*Ignoring sub-leading penguin contributions

@ Direct (in decay amplitudes): Bo

@ Mixing (indirect): ¢y = 2arg(Ves V)

e Described by phenomenological Schrodinger equation: o BY
1B ( )>) (IB (t)>) ‘ ‘
M — 7F
(IBO(t)> ( ) |B2(t))
e Solutions give two mass eigenstates: By and By 5 A B
|BL/H> = P‘B;)) i‘7|Bg> B \teu teul |\ go

e Mixing parameters
Ams = My — M, Als =T, —Ty s Wl b
Fe= il 1) = arg(—Mi2/T12)

@ Interference between direct decays and decays with mixing
b= () = g (1) 0 = 1] =

M cp
$M = b — 29p = —2arg(— k) = 26, | B %
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