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Questions asked by the organizers:

@ How precise should we measure time-dependent CP asymmetries,
such as ¢s and sin23?

@ How should we deal with penguin pollution?

@ How precise should we measure mixing (Ams 4)
and lifetimes (I's ¢y and Al'g 4)?

@ Please include tree b — cC (e.g. B — J/)¢) diagrams
and b — s5 (e.g. BY— ¢¢ ) penguin decays.
The talk should cover LHCb, but also ATLAS and CMS results/prospects
(e.g. on ¢s and Al g).
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@ Introduction

© b — c&s mixing-induced CPV in BY
© b — ces mixing-induced CPV in B°
@ 3 and B litetimes and mixing

© b — s5s mixing-induced CPV in B?

@ Conclusions and prospects
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How precise should we measure a parameter x?

Usual “5¢ criteria”. To claim a discovery, one needs:

| Xexp — Xtheo |

[ 2 2
T T T Xieo

@ X.xp should be significantly different than xu., (Nature decides!)

@ Experimental and theoretical uncertainties should be sufficiently small
— Our work!

>5
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Reminder on B mixing and lifetime (1)

The neutral B, (g = d, s) system is described by the following equation

,d( Ba(t) >_ (Mq ifq) < Ba(t) >
dt \ [Bq(1) 2 [Bq(1))
The famous box diagrams give rise to off-diagonal elements M/, and '}, in

the mass matrix I\A/IqA and the decay rate matrix ra
Diagonalization of M9 and 'Y gives the mass eigenstates

CP-odd: B/, =pBy+qB; , CP-even: B/ =pB,—qB,
(IpI* +lql* = 1)

with the corresponding masses M, M, and widths I'},, '}
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Reminder on B mixing and lifetime (2)  «c wxwriosases

M|, [T9,| and ¢, = arg(—M¢,/r,) are related to 3 measurable quantities:

LA

+1 M® ain2 /g
8 ML SIN™ ¢ip + ...

o Mass difference: AM, = M7 — M = 2|MJ,| (

@ Decay rate difference:

.
Arq:rf—rﬁ,:Z\r?2|cos¢72< %‘M‘ sin® ¢, + .. )

@ Flavor specific / semileptonic CP asymmetries:

2

re, rd ATq rd,
q _ 12 _
ASL = ImM?Z +0O (M?z) AM 9 tan ¢12q+0 (M?z)

2

— See talk by M. Vesterinen
Beware: ¢7, = arg(M,) is convention dependent, while ¢, is not.
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https://arxiv.org/abs/1103.4962

b — ccs mixing-induced CPV in BY
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Mixing-induced CPV in BY

o Interference between BY decay to J/i ¢ either directly or via B3—B2
oscillation gives rise to a CP violating phase ¢$°° = ¢s = ¢m — 2¢p

o
Bs Jpo ‘
¢M\‘ Es /c'p - ‘ é

@ In SM, assuming the decay is dominated by the above b — ¢c3 tree
diagram: ¢p = arg(VesVy,) and ¢u = 2arg(Vis V), so that the resulting
measurable phase is: ¢s ~ —2arg (—Vis Vi / Ves Vi) = —28s with
Bs = arg (—Vis Vip/ Ves Vep)

e Indirect fit to experimental data gives: —23s = —0.0376 %5507 (cxuiicen

@ We will discussed about the sub-leading contributions later.

@ NP could enter in the BY — B mixing box diagram.
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http://ckmfitter.in2p3.fr

MIXIng-IndUCGd CPV |n Bg — J/’Q/J h+h_ [LHCb, PRL 114, 041801 (2015)]

@ ¢ Measured by fitting differential decay rates for B2 and B2:

d*r(BS — Jho)

dt dcos 6, dpp dcos Ok

@ Unbinned maximum |Ike|lh00d fit (time, mass, angles initial flavor) 3fb~"

2 1w

-
RN LHCb

S wp N
_Yg 100 ‘\.:\\\\\\\\\
§ 10§ CP—eve;\ ~: N
CP-odd ~
E S-wave ~
w0* 5 1 05 0 05 1
Decay time [ps] cosBy
g 350 . g 3500 T
S 3000 LHCb 3£ 3000F LHCb ]
§ o0 * i L
3 200 = \j«; E o ——
8 1500 - | BT S ~_-7 NG
e ~_ 312
100057 /}E 1000F- e
S00F TTTmmemooooo-o -7 39 soof - ~ee
e 2 0
@ ¢s=—0.058 +0. 049 + 0 006 rad cosd, o, [rad)
@ I's= ('L +u)/2 = 0.6603 & 0.0027 + 0.0015ps "'

OAFSEFL*FH:
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041801

Mixing-induced CPV in BY

os, Al's, I's also measured in other modes and in other experiments

Exp.fb—'  Mode s Algps™) )
ATLAS?, 19.2J/) & —0.098 £ 0.084 £ 0.040 0.083 £ 0.011 £ 0.007 _ 0.677 & 0.003 £ 0.003
CMS?,20 U —0.075 4 0.097 + 0.031 0.095 4 0.013 + 0.007  0.670 =+ 0.004 =+ 0.006
LHCb, 3 J/p KK —0.058 = 0.049 + 0.006 0.0805 4 0.0091 + 0.0032 0.6603 + 0.0027 + 0.0015
LHCb, 3 Jp 40.070 + 0.068 + 0.008 — —

LHCb, 3 Jjp hh —0.010 £ 0.040(tot) ~ — —

LHCb, 3 DsDs 4+0.02+0.17£0.02 — —

LHCb, 3 J/ip hh, DsDs —0.009 + 0.038(tot)  — —

Al combined —0.033 £ 0.033 0.0827 £ 0.006 0.6643 £ 0.0020

SM —0.037670.0007 0.088 + 0.020 € [0.27, 1.11]°

—0.0008

A[ATLAS, arXiv:1601.03297], P[CMS, PLB 757, 97 (2016)], ¢[A. Lenz, arXiv:1405.3601]

@ LHCb is dominating the world average

e BY — Jiy KK is the golden mode. Measure not only ¢, but also Alg, I
and Amg

@ Second best mode is B — J/iy w7~ The other modes bring marginal
improvement on ¢s, but nevertheless interesting because involve not
exactly the same diagrams (D¢ Dy, 1(2S)¢, ...)
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http://arxiv.org/abs/1601.03297
http://www.sciencedirect.com/science/article/pii/S037026931630017X
https://arxiv.org/abs/1405.3601

Mixing-induced CPV in BY

SM prediction from [CKMfitter] for ¢ and [M. Artuso et al., arXiv:1511.09466] for Al g

—1
0.14 il HFAG @@
= 0.12 68% CL contours
| (Alog £ =1.15)
.&. 0.10} | CDF 9.6 fo!
w
—
< 0.08
0.06 ATLAS 19.2fb™"
0.4 -0.2 0.0 0.2 0.4
@ L8 [rad]

@ Assuming we can average ¢s in Ji KK, Jiywr and D& D :
pHFACWA — _0.033 4 0.033

@ Compatible with SM, but still room for NP!
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Systematics uncertainties on ¢g, Al g, [s woserris oueor corsy

Source rs Al AL 1A (012 3 5. bs Y Amg
s~ s frad] frad] frad] s
Total stat. uncertainty 00027 0.0091 0.0049 0.003¢ 010 4014 o049 0019 OO
WMass factorization B 0.0007 0.0031 0.0064 0.05 0.0 0.002  0.001 0.004
Signal weights (stat.) 0.0001 0.0001 - 0.0001 - - - - -
b-hadron background 0.0001 0.0004 0.0004 0.0002 0.02 0.02 0002  0.003 0.001
B feed-down 0.0005 - - - - - - - -
Angular resolution bias - - 0.0006 0.0001 t%%zs 0.01 - - -
Ang. efficiency (reweighting) 0.0001 - 0.0011 0.0020 0.01 - 0.001 0.005 0.002
Ang. efficiency (stat.) 0.0001 0.0002 0.0011 0.0004 0.02 0.01 0004  0.002 0.001
Decay-time resolution - - - - - 0.01 0.002 0.001 0.005
Trigger efficiency (stat.) 0.0011 0.0009 - - - - - - -
Track reconstruction (simul.) 0.0007  0.0029 0.0005 0.0006 oo 0.002 0.001  0.001 0.006
Track reconstruction (stat.) 0.0005 0.0002 - - - - - - 0.001
Length and momentum scales 0.0002 - - - - - - - 0.005
S-P coupling factors - - - - 0.01 0.01 - 0.001 0.002
Fit bias - - 0.0005 - - 0.01 - 0.001 -
Quadratic sum of syst. 00015  0.0032 0.0036 0.0067 0o 0.06 0006  0.007 0.011

@ ¢s: oy = 0.100, Systematics very small and can be reduced easily: dominant one is the limited size
of the MC used to computed the angular acceptance! Total syst ~ 2 mrad achievable!

@ Al oy = 0.3504: Work needed on track reconstruction

@ s oy = 0.550.: work needed on track reconstruction. Ultimate syst = LHCb length scale
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041801

Now come 2 complications:

@ B? — Ji KK: superposition of 4 polarized final states 0, 1, ||, S

Parameter Value

) —0.045 =+ 0.053 =+ 0.007
(pj — 93 —0.018 + 0.043 & 0.009
$g — &3 —0.014 + 0.035 + 0.006
#2 — 62 0.015 = 0.061 =+ 0.021
X0 1.012 4 0.058 & 0.013
Iall/A0 1.02 40.12 =+ 0.05

AL /20 0.97 +0.16 + 0.01

XS /A0 0.86 +0.12 4 0.04

Mixing induced (¢s) and direct CPV parameters (\) are measured.
So far, no ¢s polarization-dependence measured (Lrob, PRL 114, 041801 (2015)]
@ Decay b — cés involves not only tree, but also gluonic, electroweak penguins,
exchange and penguin annihilation topologies!
What we measured in B — Jipg is ¢s = —28s + AdE™ + AghT.
Mandatory to control A¢%™ to claim NP!

) ) Penguin-
 Penguin G] ) Exchange Annihilation

s ‘
b ; q e .
] {
.m. * : -
7 O B)

7 7
o

Tree

I
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Penguin pollution in B2 — Jip¢

Various approaches to estimate the sub-leading contributions beyond the tree

in B — Jip¢ decay:
@ Using SU(3) flavour symmetry and control modes like B® — J/i p°, BY — JipK*©,
in which the penguin is not suppressed [r. Fieischer, NiM A446:1-17,2000], [S. Faller et al. PRD79, 014005 (2009)]

@ Attempt to compute directly the penguin-to-tree ratio, without SU(3)
approximation. [ Frings et al. arxiv:s503.00859) — See talk by U. Nierste

@ Perturbative QCD (L et a., PRDSS, 094010 (2014)]
@ Many other work on penguin pollution (¢s and ¢q), €.9. [R. Feischer, arxiv:hep-ph/9803455],

[M. Ciuchini et al. arxiv:hep-ph/0507290], [S. Faller et al., arxiv:0809.0842 ], [M. Ciuchini et al., arxiv:1102.0392 ], [M. Jung, arxiv:1206.2050 ],
[K. De Bruyn et al., arxiv:1412.6834 ], [R. Fleischer, arxiv:0705.4421 ], [M. Jung et al., arxiv:1410.8396 ], [L. Bel et al., arxiv:1505.01361 ], [Z. Ligeti

etal,, PRL 115, 251801 (2015)], [B. Bhattacharya et al., Int. J. Mod. Phys. A 28, 1350063 (2013)]

In the following, we present the SU(3) method [s. Faller et al. PRD79, 014005 (2009)]
(the method that was most thorough so far in LHCb, data driven)
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PengL“n pO”U’[IOI’] |n Bg—> J/¢’¢ [S. Faller et al. PRD79, 014005 (2009)]

@ b — cts decay amplitude (i = 0, 1, ||):
2

2 Y
A(B2— Jppd) = (1 — %)A’,-U +eae’e), e=+ EAZ ~0.053

@ Penguin are doubly Cabibbo suppressed wrt tree
° a;e""f = “Penguin/Tree ratio” in the B — Jib¢ channel

i 22 Pi+P}
a6l = (1= ) 1Vio/ Vo) | 7252

Penguin amplitude : Pg, g = u, t, c. Tree amplitude : T¢
o A= N| Vool [Te+ Pl — P]
@ ~: angle of the unitarity triangle

@ b — ccd decay amplitude
Ai(B° = Jipp°) = —AA[l — aee]

@ Penguin NOT suppressed with respect to tree
o g;e'’i = “Penguin/Tree ratio” in the B® — J/p p° channel

@ Decays related by s ++ d interchange (U-spin, sub-group of SU(3)),
assume a = & and § = ¢, fit (a, #) and compute A¢s = f(a, 0)
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Penguin po”ution in B.(S)% J/¢’¢ [S. Faller et al. PRD79, 014005 (2009)]

Two B2 — Jib¢ partners to control polarization dependent effects:
Partner 1: B — J/i p°:
A(B = Jfiop®) = —AA; [1 - a6 e

@ Has Exchange and Penguin-Annihilation topologies, like B2 — Jib¢
@ ° — 77~ Access to direct and mixing-induced CP asymmetries

Partner 2: BY — J/K*:
Al(BS— JWK™) = -\ 4; [1 — 7€ e"”f]
@ Only Tree and Penguin topologies (no PA, E)

@ Not reconstructed as a CP eigenstate (K** — K~ ™), only access to direct CP
asymmetries

@ Need additional information from BR — larger theoretical uncertainty
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Fit penguin contributions in data i serreosoe

Fit (a,0) on LHCb 3fb~" data:
@ B%— Jp p° 1heo, pLerez 2015 s8.49): BR, direct CP asym, mixing-induced CP asym
) 82 — J/wf?*o [LHob, JHEP1 120150821 BR, direct CP asym

Assumptions:
@ Perfect SU(3): there is one universal a and ¢ variable
@ Exchange & Penguin-Annihilation contributions are small and can be ignored
@ Relate the hadronic amplitudes

Ai(Bs = Jfipo)
Ai(B = Jji p°)

_ ' Aj(B2— JRpo)
L A(BY— JRpK*0)
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http://link.springer.com/article/10.1007%2FJHEP11%282015%29082
http://www.sciencedirect.com/science/article/pii/S0370269315000106
http://link.springer.com/article/10.1007%2FJHEP11%282015%29082

Penguin pO”Ution - [LHCb, JHEP11(2015)082]

4

Longitudinal

Perpendicular

Results from »? fit:

a=0.0175%,  oo=—(82"%,)",  AslY0 = —0.000 9% (stat) a (syst)

I b _
a =00750, o =—(85%)", Ap" N = 0.0017001° (stat.) + 0.008 (syst
a, =0047%%2 g, = (38112‘%)°, AL — 0,008,070 (stat.) + 0.008 (syst)

Assuming no polarization-dependence and 50% SU(3) breaking, B° — J/i p°
[LHCb, PLB742 (2015) 38-49] JiVES: Agps = (0.9 £ 10(stat) + 15(SU(3))) mrad
— Penguins are small, but SU(3) approximation has to be monitored

¢s(CKMFitter, no peng) = —253, = _0'0376%‘.%%%73
— ¢ = —0.0376 + 0.018 (peng. incl)
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b — ccs mixing-induced CPV in BY
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Mixing-induced CP violation in B°

@ B’ — JiK? = analogous of B — JAyé in
the B%-system
cp r(B(t)—=hH-r(B(t)—
@ AS(t) = W x sin2p

f_J/wKSO) J/wKI?7 ncKSOa"'
Vea Vi
o s-aa(-2%)

o [LHCb, PRL 115 (2015) 031601], Precision similar to b-factories, excellent

agreement. N 0.4 T T T
03¢ LHCb | o

Signal yield asymmetry
I
oo
o =
T T
Lol

5 10 15
t(ps)

@ oy =~ 0.504«. Work needed, especially
on flavour tagging.

@ SM prediction: sin23 = 0.748799%%
[CKMfitter, meas not in the fit, no peng]

TR

a

Sn(2p) = sn(2<p1) o

PRELIMINARY

BaBar
PRD 79 (2009) :072009

BaBar
PRD 80 %093 112001

BaBar J/y (hadronic) Kg
PRD 69 (2004) 052001

Belle
PRL 108 (: 2012) 171802

0.69 +0.03 +0.01

0.69 +0.52 +0.04 £ 0.07

ALEPH :

PLB 492, 259 (2000)
OPAL :

EPJ CS5, 379 (1998)
CDF :

PRD 61, 072005 (2000)
LHCb :

PRL 115 (2015) 031601

Belle5S
PRL 108 (2012) 171801

Average

—
1,56+ 0.42£0.21
: 0.67+0.02+0.01
N 084982 +0.16
: 3.20 1330+ 0.50
R 0.79 7941

Mo

0.73£0.04 £ 0.02

0.57 £ 0.58 + 0.06

0.69 +0.02

-2 -1
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031601

Penguin pollution in B — JiyK?

@ Situation similar to B — Jip¢, however B — JiyK? does not have E+PA
contributions

@ Control mode (d < s) is B?— JaK?: 1-to-1 correspondence between all
topologies. [K. De Bruyn et al., JHEP 1503 (2015) 145]

@ However, stat currently too low to constraint the penguin pollution.
Use other control modes like: B® — J/i) 7 (sasar, ety

o Apeng((bd) == —0018t881‘&2—) [K. De Bruyn PhD thesis, 2015]
— sin2p%e° = 0.73079:932 peng. incl., perfect SU(3)

@ Extrapolated to LHCb upgrade (50fb~"), and taking 20% SU(3) breaking:
Apeng(¢d) = —O018J_rggg§(stat)fgggﬁ(SU(S)) [K. De Bruyn PhD thesis, 2015]
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Roadmap to control sub-leading contributions

|n Bg—> J/'l/)d) and BO—> J/¢KO [K. De Bruyn et al]

Control Modes for B2 — Jjb:

@ High precision CP analysis of B° — J/) p°: determination of penguin parameters.

@ High precision CP analysis of B — J/iyK*: cross-checks & access to hadronic
amplitude information, but no E+PA

@ Search for BY — J/i p and/or B® — J/i ¢: control contribution from E + PA.

[LHCb, Phys. Rev. D89 (2014) 0920086], [LHCb,PRD 88 (2013) 072005]

Control Modes for B® — JaK?:

@ High precision CP analysis of BS — J/i/K?: determination of penguin parameters.

@ High precision CP analysis of B® — J/°: determination of penguin parameters.
Cross-checks with more stat (Belle2?), but has E + PA.

@ Search for BY — J/p7°: control contributions from E + PA in B® — Jjip«°

Very challenging!

= Work towards a global fit of all these modes to determine simultaneously ¢s, ¢4 as
well as sub-leading contributions (P, E, PA)
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B? and B lifetimes, Al's, ATy, Ams,

Amy
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B lifetime: experimental status

Contours of A(logL) = 0.5

— 0.25F —
n HFAG IS
=1 g
«» 0.20f &
~ $
< S
0.15} Z J /] Alg = 0.0827 + 0.006 ps !
s = 0.6643 + 0.0020 ps~!
0.10} More precise than and compatible with
SM predictions
0.05
0.00} h J

062 066 070  0.74
Is[ps]
World average, using:

@ CP-odd final state: B — J/ip£(980), BS — Jipntn~,

@ CP-even final state: B — DI Dy,

@ mixture of CP-odd and CP-even: BS — Jip¢, B — J KK,

@ flavour-specific final state: B — Dy =+, BY — D7 ¢*v,, BY — Dy D*

Olivier Leroy (CPPM) Prospects for CPV and mixing in neutral B 13 July 2016 24/32



B? and B lifetimes

@ Theoretical predictions of absolute lifetimes suffer from very large
uncertainties (o mg) Typically 75 = 1.65 + 0.24 PS (A Lenz, anxiv:1405.3601]

@ Much better prediction using lifetime ratios, e.qg.
Tgy/Teo = 1.00050 £ 0.00108 — 0.02255, where ¢ quantify a possible
quark-hadron duality violation. . suob et al, arxiv:i603.07770]
See talk by M. Kirk this afternoon.

@ Experimental measurement: 7z /750 = 0.990 =+ 0.004 [HFAG]
@ 2.5¢ discrepancy: stat fluctuation, NP or duality violation?

@ Need more precision!

® HFAG: 7p0 = 1.520 £ 0.004 ps, 75 = 1.505 + 0.004 ps

Olivier Leroy (CPPM) Prospects for CPV and mixing in neutral B 13 July 2016 25/32


https://arxiv.org/abs/1405.3601
https://arxiv.org/abs/1603.07770

Al y

V5=8TeV J.dezzo.s fo Vs=8TeV ILdt:zo.a "

3 "I'""LI" PR TR o "'I|"'-r"J'I|'|"'-r|[-|"JI"I'

4900 5000 5100 5200 5300 5400 5500 5600 4900 5000 5100 5200 5300 5400 5500 5600
mhy K [MeV] m(Jhy K) [MeV]

0.0 <L <0.3mm Background 0.0 < L5, < 0.3 mm=

Candidates / 5 MeV

raes.

@
=}
s U

AL ARIRRTI RERURRRIRERA TN O}

Data - Fitio

(Data - Fit)/s

@ This year, ATLAS presented the world best measurement of ATy, using 25.2fb~".
anias, aviisos orassl: Alg/Tg = (—=1.0 £ 11 4+9.0) x 1073

@ Compare decay time of B® — JiwK*® and B® — JiK?,
following (gagar, PRD 70 (2004) 012007

@ HFAG average: Aly/Iy = —(2.0£10) x 1073
@ Compatible with theo prediction: (3.97 4 0.90) x 107 . auso etal. aniv:i511.0s4e6]

@ oy« /osw = 0.8, but main systematics can be reduced
(B® — JrK? fit mass range)
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Amg

3 s e Tagged mixed
g L o Tagged unmixed
- 400 —— Fit mixed
2 i —— Fit unmixed
- i
h=j |
k]
€ 200
]
s I
* -
0
0 1 2 3 4

decay time [ps]

@ World best measurement by LHCb, 1fo~", B2 — Dy 7" (New J. Phys. 15 (2013) 053021):
Ams = 17.768 4 0.023 (stat) = 0.006 (syst) ps~'

@ Systematics: decay length and momentum scale (both = 0.004 ps ).

@ HFAG World average Ams = 17.757 + 0.021 ps—! (0.1% rel uncertainty!)

@ Theoretical prediction 18.3 + 2.7, i.e. with an uncertainty 129 times larger! [M. Artuso et al., arXiv:1511.09466] —
more precise prediction on ratios, e.9. Ams/Amg or Ams /AT s

@ Am; also useful to constraint indirectly the B° meson decay constant fBo and bag parameter By
e.g. CKMfitter uses f, 50 = (224 + 1.0 & 2.0) MeV from Lattice in input. Output of the global CKM fit, not

using the fzo from Latiice = fBgd = (225.87%% ) MeV
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Amy

A
o
w

LHCb
0|
-0.5 (e)
0.5r ' ' F%"
of B .
w Fhy
05 (© 1o
5 10 5 10

tips)

World best measurement by LHCb, 3fb ™", B® — D™~ v, axiv-1604 03475

Amyg =5055+21+1.0ns"1

Systematics: backgrounds, fit and k-factor.

HFAG World average Amy = 506.4 +1.9ns~ 1

Theoretical prediction 528 4+ 78 ns™ 1 . Aruso et al, arxiviis11.004661 , i.€. With @an uncertainty

41 times larger — more precise prediction on ratios, e.g. Amy/Alg of Ams/Amy

2
, € =1.206 + 0.018 £ 0.006 (Fermiiab-MiLc, PRD 93, 113016 (2016)]

( See talk by A. El-Khadra)

Ams _ Mg §2
Amg Mgy

Vis
Via

Olivier Leroy (CPPM) Prospects for CPV and mixing in neutral B 13 July 2016 28/32


http://arxiv.org/abs/1604.03475
http://arxiv.org/abs/1511.09466
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.113016

b — sss mixing-induced CPV in BY
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0 \
B ¢¢ [PRD 90 (2014) 052011]

s LHCb s £ 3 E T 3
2011 N E E|
[ o 355 LHCb 3
210 210¢ £ . E
© o f T 30F E
£ £ f = 250 E
g g1 > 20E E
g g o TE b
2 ! 9 b ]
o o E 106 3
55 E
_ : i i i _ i i | i E E
5 ik it ! 3 j:‘x RO P M of ‘ ‘
b 3 K
5250 5300 5350 5400 5450 5250 5300 5350 5400 5450 2
Mok MeV/eg Mexox- MeV/eg] (ps [ra:i]

@ Pure b — s5s penguin mode

@ Tagged time-dependent angular analysis, 3fo~", 4000 B — ¢¢
candidates

@ SM expectation for CP violating weak phase |¢3%¢| < 0.02f

@ ¢35 =-0.17+0.15+0.03

@ Main systematics: angular and time acceptance

@ Also measured Triple Products asymmetries i vataetai, pro s, 076011 (2012)]
compatible with expectation.

T [Bartsch et al., arXiv:8010.0249], [Beneke et al., Nucl.Phys. B774 (2007)64], [Cheng et al., PRD 80 (2009) 114026].
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Parameter Experiment  ogyst Theory  gumeo
Tstat Texp

ccs —0.033+£0.033 0.10 || —0.0876 +0.018 (peng. incl) 0.6
AT (ps—!) 0.0827 +£0.006 0.35 0.0884+0.020 3.3
Ams (ps™1) 17.757 £0.021  0.26 18.3+£2.7 129
585 —0.17£0.15 0.20 <0.02 0.13
sin2p 0.691£0.017 0.50 0.730"9%% (peng. incl) 2.0
AlTg/Ty4 —(24+10)x10-% 0.82 (3.97 +£0.90) x 10—2  0.09
Amg (ns~1) 506.4+1.9 0.48 528 +78 41

@ All experimental uncertainties currently dominated by statistics.
But “wall” of systematics not far, e.g. for ATy, Al's, Amy, sin 2.

@ Oueo > Oexp fOr sin23 and “soon” for $°°.
— continue work on sub-leading contributions

@ Oiheo > Oexp fOr Al's, Ams, and Amy:

o ratios like Ams/Amg or AT's/Ams better predicted, useful to constraint
|Vis/ Via| OF .. to test quark-hadron duality (see talk by M. Kirk).
e Am;s also useful, e.g. to constraint fBg decay constant in global fits.

@ Oueo < Texp fOr Ay /Ty and ¢35: experimental work ongoing
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Conclusions and prospects

¢s: LHCb 50fb™": o(¢s) ~ 9mrad, using BS — J/p¢ alone. With 300 fb™"
+ more decays modes + ATLAS and CMS, could reach oe,(¢s) < 2mrad !
oo (¢s) =~ 15 mrad, SU(3) breaking effects.

We already have a roadmap to control P, PA and E topologies,

but will be challenging to reach the experimental precision.

It is still possible to discover NP with the ¢s measurement!

Assume a +10 upwards statistical fluctuation, and ogeo = 0exp = 10 mrad
= 5¢ discovery!

sin 23: Theo limited. Roadmap to control sub-leading contrib similar to ¢s.
AT s: Theo limited. Experimental systematics soon problematic.

AT 4: Exp limited, new results soon.

Ams, Amy: oexp <K Ouneo, Still interesting to improve the measurements.
Ratio Ams/Amy or AT s/Ams more precise.

B-meson lifetimes: still need more accuracy.
In particular 7 /7g0 gives a nice test of HQE.

$55: Gexp ™ Ot When LHCb will reach ~ 50fb~".

Exciting work-plan in the coming years, with crucial interplay between experiment
and theory (Lattice, HQE, LCSR, ...)
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¢s and BY — ptu~ implications

(] S¢¢ = —sin ¢g
@ Modified from [D. Straub,
Nuovo Cim. C035N1 (2012)

249 and arXiv:1012.3893]
UNOFFICIAL

@ Blue: 68% CL LHCb+CMS

2014 constraints

10° x BR(Bs — ptp™)

0 ) 5 P —
: MSSM-AKM MSSM-A
20l |
YHD M|
0L |
5 r -
LHCb MSSM-SU(5)
) - .
-1.0 -0.5 0.0 05 11

Strong constraints on many NP models:

Olivier Leroy (CPPM)

SM4: Standard Model with a sequential fourth generation
Left-handed currents only (MSSM-LL)

Ross, Velasco-Sevilla and Vives (MSSM-RVV2)

Antusch, King and Malinsky (MSSM-AKM)

RSc: Randall-Sundrum model with custodial protection

Agashe and Carone (MSSM-AC)

Prospects for CPV and mixing in neutral B

v
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NP in B° mixing

PRD91:073007,2015

oA
M1dg = Mfé“’dAd, Ag = |Ad|e’¢d

Re(Aq) = 0.887%%2 at 68%CL
Im(Ag) = —0.1179% at 68%CL

D
~ >

ImaA,

[CKMfitter (J. Charles et al.), EPJ. C41, 1-131 (2005), updated results and plots available at: http://ckmfitter.in2p3.fr]

See also e.g. M. Bona et al. [UTfit Collaboration], JHEP 0803 (2008) 049. A. Lenz et al, PRD 86 (2012) 033008.
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NP in B mixing

PRD91:073007,2015
S S N I L AL T T T T T T L | A
, ;excludedavenhasu>0$8 1 M1S2 — Mfg/[’SAS , AS — ‘As‘e’¢s
r AT, &1 &TKK) & T, T 4017
, ] Re(As) = 1.017% 17 at 68%CL
1— —
L SM point B _ +0.04 0
Y ] Im(As) = 0.027%% at 68%CL
52
< ol
g L
1 _
Py CK NP in Bg mixing - with ASL g
N A T I S B
2 -1 0 1 2 3
Re Ag
[CKMfitter (J. Charles et al.), EPJ. C41, 1-131 (2005), updated results and plots available at: http://ckmfitter.in2p3.fr]
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NP in mixing-induced CPV?

¢s and ¢4 are already well measured and close to SM expectation: finding NP
will require much effort.

Need to carefully estimate sub-leading contribution, beyond the leading tree
Need to be careful with averages
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New physics effects

General parametrization of new physics effects in mixing e.g. Lenz et al.,
arXiv:1008.1593
PRD91:073007,2015

SM SM . o2
r12,S = r12,37 M12,s = M12,s -Ag; Ag= ‘A5|e’¢5

leads to the following relations for observables

AMS - 2|IM123 ‘As|
Als = 2|Ty4] - cos (¢53% + ¢2)
A = Miz.s| | in (6955 + ¢5)
|V | A
¢/ = 2B+ o5 + 03y + 0be,

Remember: ¢35L = arg(—M;3,/T$,) and Bs = arg (— Vis Vi / Ves Vi)
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CKMfitter plots

L B B P B P
‘excuded area has GL> 095 3 1
[ 3 ]
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[CKMfitter (J. Charles et al.), EPJ. C41, 1-131 (2005), updated results and plots available at: http://ckmfit
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20 years of CKM fits
[CKMfitter, LEP, KTeV, NA48, BaBar, Belle, CDF, D@, LHCb, CMS, ... ]

15 T T

2

Amy& Am,

2006

Olivier Leroy (CPPM)

2009
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CKMfitter plots
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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

Olivier Leroy (CPPM)

Prospects for CPV and mixing in neutral B

208, 123 (1988).

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
y thVrE:
‘/u dv:kb Vcdv(;lk)
Yud¥ub
VeaVh
- 'J’}m"ﬁnl B VoaVis
A fi=ar [— ‘]
/ Vv
N . =(21.5 £ 0.5)°
VisVih + VsV + WV = 0
N L (V)
V V* | = 4”5. Vie /(’f)
MLMTY: ... il =(1.05 + 0.05)°
%S‘/‘Cb Vtthh Q
*
sl VZ‘HVL‘])
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Mixing and CP violation

In Standard Model, neutral mesons (H°) mix with their antiparticles (H°)
via box diagrams (H® = K°, D°, B°, BY)

u ds,b c b uct d b u.ct s
Do 3w w BO w w B; w w
c d,s,b u d u,ct b s u,ct b
3 types of CP violation:

@ “In the mixing”: rates of H® — H° and H® — H° differ
@ “In the decay”: amplitudes from a process and its conjugate differ
@ “In the interference between mixing and decay”
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Decay topologies

Penguin-
Tree (T) Penguin (P)CO Exchange (E) Annihilation
) ; i ¢ (PA)

' "CO/ ’
b
Sigiee
/

Decomposition
@ B’ = JyK:T+P
BY— Jipe: T+ P +E +PA
B DiD;:T+P+E+PA
BY —» JyK: T+P
BY— JK® . T+P
B Jipp® : T+P+E+PA
@ B2— Jipp® E+PA
General assumption on the hierarchy:

‘Tree > Penguin > Exchange and Penguin-Annihilation ‘
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Penguin pollution in B — Jhbo

@ LHCb, arXiv:1411.1634 (PLB). Using B° — J/i p°, shift on ¢s due to
penguin pollution = 0.009 + 0.031 rad at 95% CL (including 50% SU(3)
breaking effects).

@ Method proposed in [S. Faller et al. arXiv:0810.4248], using BS — JK*°

@ Other approaches to reduce penguin pollution:

B. Bhattacharya et al., Int.J.Mod.Phys. A28 (2013) 1350063.

M. Jung, arXiv:1212.4789.

P. Frings, U. Nierste, M. Wiebusch, arXiv:1503.00859 Attempt to compute
directly the penguin-to-tree, without SU(3) approximation. The up-quark

penguin contribution is described in an effective theory, resulting from an

additional OPE in 1/g? with g ~ Mﬁ/w. Still some approximation needed
for the matrix element. Results: |A¢q4| < 0.68°,

|AG2 < 0.97° |AgL| < 1.22° |Agl] < 0.99°
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Penguin pollution in B2 — Jip¢

[S. Faller et al. arXiv:0810.4248]

.
e M wwnrsoa ([N 17 -
S exchin e D
v ) - b — scc
A R
B Wy B) } Penguins suppressed by A2
| S \\ v

NI
3 *.‘

2

AR = Ui = (1-F ) Al ae] o= 21—

-

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(BS —(J /'d‘K*O) i) = )\A} {] - a}fie} eh}
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PengL“n pO”U’[IOI’] |n Bg—> J/¢¢ SU(B) [LHCb, JHEP11(2015)082]

0.15 T T T T T T 0.15 T T T T T T T

= 65 % L] = 68% C.L.
LHCbH LHCbH
0.10 § o
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http://link.springer.com/article/10.1007%2FJHEP11%282015%29082

Connecting B — J/y¢ and B2 — JaK*©

[Faller et al. PRD 79 (2009)]

@ Penguin parameters:
e & and ¢; for By — Jpp
e a and ¢, for BY — JiK*°

@ Approximations of SU(3) flavour (quarks u, d, s are identical)
a=a, 0;=0;

@ Shift on ¢ due to penguin diagrams (e = %)

i 2¢a’ cos 0/ sin v+e2a/? sin 2
I,peng i i i
Aqbs = arctan ( 1+2¢a] cos 0/ cos v+e2a/2 cos 2y
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Accessing penguin parameters e oz oo

@ Direct CP violation in B — JipK*©

A0P _ r(B) —Tri(BY) 2a;sinb; siny
" (BY)+ri(BY) 1-—2acosdcosy+ a?

@ The parameter H;

A

Aj

2 B(BY— JiK*°) £ 1-—2acos0cosy+ a?

;
H. — =
e B(B2— Jhp¢) f — 1+ 2¢caicosdicosy + e2a2

€

;|12
° AT,-" : hadronic factor with large theoretical uncertainty!

e f/: polarization fractions in B — Jap
e f; : polarization fractions in B — JyK*°

ACP and H; allow to extract a; and 0; = AP
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Penguin pollution using B2 — JiyK*° channel

[S. Faller et al. PRD79, 014005 (2009)]

@ polarization-dependent CP asymmetries:

2a;sinf;sin~y

AXP = — .
1 — 2a;cos 0 cosy + a2

i

@ branching fractions and polarization fractions:

5 O Mypy Mg _
mBg ’ mBg B(Bg*) J/¢K*O)theo fl

® (”"J/w mK*0> B(Bg_)‘-l/wd))theo f7’

myp > m
8 T8

1

€

A;

H: hii
i A

~1-—2acosbjcosy + &
1+ 2ed,cos 0] cosy + e2a?’

®(x,y)=+/(1 - (x—y)»)( - (x + y)?) is the phase-space factor
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Polarization amplitude in B2 — J/¢

Longitudinal Polarisation Fraction : fj
Form Factor Calculation (LCSR)
Perturbative QCD

Experimental Average

Parallel Polarisation Fraction : f
Form Factor Calculation (LCSR) =
Perturbative QCD =~

Experimental Average

Perpendicular Polarisation Fraction : f
Form Factor Calculation (LCSR) i
Perturbative QCD =]

Experimental Average

BY — J/vé
0.482 4+ 0.054
0.507 £ 0.036
0.528 % 0.006

0.328 £ 0.046
0.298 £0.021
0.224 £0.007

0.190 £ 0.026
0.194 £0.016
0.248 £0.008

0.0 0.1 0.2 0.3 0.4 05 0.6 0.7

Comparison between the theoretically calculated and experimentally measured values

of the three polarization fractions in the B — Jj¢ decay. 3o tension for f, and fj.

K. De Bruyn thesis, 2015
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http://cds.cern.ch/record/2048174?ln=en

¢_w M iXi ng [K. De Bruyn]

Octet and Singlet Contributions:
@ ¢ is a pure ss state, and therefore an admixture of octet and singlet state

@ In this analysis, only the octet contribution is considered

@ Only needed for the H observable:
to relate form factors of BS — ¢ and BS — K*% or B® — p°
o E+PA contributions are ignored

Mixing:
@ Can mix with the orthogonal w state: parameterized by mixing angle §
@ Relation between branching ratios [arxiv:0806.3584]

B(BS — Jhpw) =tan?§ x B(B2— Jhbo)

@ Alternatively, also the E+PA diagrams contain information about mixing

@ These can be controlled using B information on B2 — J/i p and/or
BY — Jip g
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B°: b — ssd pen

guins [HFAG]

sin(2R™) = sin(2¢;

) Moriond 2014

PRELIMINARY
L a2 — 088002
% Belle
S Average
= BaBar
X Belle
© , Average
X B'aIlISEr
2 Belle
N4
0. Average A E . .72+ 0.,
QX TBaBar 7 0.

< Belle : 067+0.31+008

% Average 0.57 +0.17

o BaBar Qe iy "035"§§§+005+'063'

X Belle ——i— 0 4‘“5:009+0010
Average D —— |

7
X
3

s
4
o
4
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X
D x
* o
'
z %

B T BaBar v T RS T T 000031005 ¥0.09
X " Average! T 001+0.33
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Current Situation: a Fit to the B; — J/i P Data woesum

Group |: Cabibbo-Allowed Penguins: ‘ A(B— Jppf) = —NA[1 —ae’e"] ‘
@ BY = Jpr': B, A%
0 B B, AT, A
@ BY— JWKY: B, (AY, A™)

Group II: Cabibbo-Suppressed Penguins:
| AB— Jwh = (1- 13 A1 +cae’e"] |

@ BY - JWK*': B, A
) B°—>J/1/JKS°:B, Adir, Amix

Assumptions:
@ Ignore non-factorisable SU(3) breaking: There is one universal a and ¢ variable
@ Exchange & (Penguin-)Annihilation contributions are small and can be ignored

@ We have control channels to cross-check this assumdotion:
B2 — Jppn® and BY — Jj p
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Grand Fit: Setup & Results « o

Inputs:
@ CP asymmetries & branching ratios listed previously
@ Gaussian constraint: v = (73.2%53)° [CKMFitter (2014)]

Fit Results:

a=017"%"%, 6= (179.3+4.2)° ,
b = (43.941.7)° = (73.9t‘gj§)° ,

@ with x2,, = 3.0 for 4 degrees of freedom
@ This corresponds to

0 o
Ayt = — (1.0375%)
Caveats:
@ A™X(B® = Jpn®) and A™X(B® — JiK?) depend on ¢y
@ Directly determined in the fit by explicitly including A¢q(a, 0, )

@ Time-integrated B — J/i»K? branching ratio is converted to the theoretical
one
Olivier Leroy (CPPM)
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Grand Fit: Contours « veswn

Ny = A% (Ba— J]om)
0.9F 0 = (179.3 +4.2)° A’“‘X(Bd — J/p70)
gll  Ge=(@B9ELYY H(Bya) = J/(m/K)) |
e 39 % C.L. mm AL(BE = J/gr)
0.7}/ 68% C.L. == AS (B = J/YK")
ol -2290% C.L. = AL(BE — J/YKT)
H(Byq) — J/WK)

T100 10
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Prospects for ¢g woesun

\ We will be able to control the penguin effects! ‘

[319)
Sources :
BaBar
Belle — ar
LHCb — arXiv
LHCl) 08.3355
50
o0
j&)
a
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= __Upgrade
£ s, g 7 5
< i < <
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Belle
L —
Current Future
35
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sin28 — B(B" — 77v,) correlations
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2012 — 2015: tension disappeared with more statistics

(latest Belle BY — 77 v, result: faniv1503.0s613])
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http://arxiv.org/abs/1503.05613

Systematics on Aly/Ty, ATLAS

[ATLAS, arXiV:1605.07485]

Source (AT 4/T4), 2011 6(AT4/T4), 2012
Ky decay length 0.21 x 1072 0.16 x 1072
Ks pseudorapidity 0.14 x 1072 0.01 x 1072
B® — J/WKg mass range 047 x 1072 0.59 x 1072
B® = J/yK*" mass range 0.30 x 1072 MG (e
Background description 0.16 x 1072 0.09 x 1072
B? — J/YKs contribution 0.11x 1072 0.08 x 1072
Ly, resolution 0.29 x 1072 0.29 x 1072
Fit bias (Toy MC) 0.07 x 1072 0.07 x 1072
BY production asymmetry 0.01 x 1072 0.01 x 1072
MC sample 1543 1072 0.45 x 1072
Total uncertainty 1.69 x 1072 0.84 x 1072
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Alg, s [HFAG]

1. Bs = J/yf0(980) lifetime measurements from CDF and DO, and Bs —>]/V/H+H_ lifetime measurement from LHCb
(pure CP-odd final states), which average to T(Bs— CP-odd) = 1.658 + 0.032 ps, taken to be equal to
(1T X1 ~(@s°) X AT s/4];
11. Bg = DgtDg™ lifetime measurement from LHCb (pure CP-even final states), which average to 1(Bs— CP-even) =
1.379 %= 0.031 ps, taken to be equal to (1/I'7)x[1 +((pscz‘5)2 XAT/4];

111. flavour-specific Bg lifetime average T(Bg — flavour specific) = 1.511 * 0.014 ps, taken to be equal to (1/1s) X (1
+ (ATyT2/4) / (1 — (AT oT's)%/4).

The implementation of contraints I and II, described in full in the literature [R. Fleischer and R. Knegjens, Eur.
Phys. J. C (2011) 1789], neglects here possible sub-leading Penguin contributions and possible direct CP violation.

The table below shows the results with and without these additional constraints. The default (i.e. recommended) set
of results is the one with all the constraints applied.

Fit results from without constraint . . N .
ATLAS, CDF, CMS, from effective Wlthlcssstﬂamts ‘“tlh ICI“::;‘I“I‘I‘“S
DO and LHCD data |lifetime measurements ’

Is 0.6647 + 0.0022 ps~1 |0.6640 = 0.0021 ps~!|0.6643 *+ 0.0020 ps—1
1rs 1.504 % 0.005 ps 1.506 % 0.005 ps 1.505 * 0.004 ps
TShort = 1/TL 1.420 * 0.006 ps 1.417 * 0.006 ps 1.417 % 0.006 ps
Tlong = 1/I'H 1.599 = 0.011 ps 1.607 = 0.011 ps 1.605 + 0.010 ps
AT's 40.079 #* 0.006 ps~1 | +0.083 = 0.006 ps~!| +0.083 = 0.006 ps~1
ATsTs +0.119 # 0.010 +0.125 =+ 0.009 +0.124 * 0.009
correlation p(I's, AI's) -0.324 —-0.293 —-0.239
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Amg, Amy [HFAG]

Experiment Method Data set Ams(ps™T)
CDF2 DM~ ¢, DI~ x*, D p* 1fb~"  17.77 £0.10 +0.07
DO D £TX, D] 7t X 24 fo~!  18.53 +0.93 +0.30
LHCb D 7, Dt et 2010 0.034 fo!  17.63 +0.11 +0.02
LHCb D ptX 2011 1.0 fb~! 17.93 £0.22 +0.15
LHCb D wt 2011 1.0 fb~! 17.768 £0.023 +0.006
LHCb KK 2011-2012 3.0f~"  17.71174%> +0.011
Average of CDF and LHCb measurements 17.757  0.020 0.007
T T T
o) [P 0.446 +0.026 +0.019 ps™*
oeLen i 05190018 +0.011 ps’
anay . 0.444 £0.028 +0.028 ps™
(Swg‘ﬁ;{xi [T 04790018 £0.015 ps*
0.495 +0.033 +0.027 ps*
- F—e—t 0,506 £0.020 £0.016 ps™
BABAR bof 0.506 +0.006 +0.004 ps™
(4 analyses)
(o BELLES o 0.509 +0.004 +0.005 ps™*
PRCL=S ) § 05062 £0.0019 £0.0010 ps™
Average of above [l 0.5065+0.0019 ps*
after adjustments
o CLEQARGUS ] 04980032 ps™
w%\#‘%eén e i 0.5064 +0.0019 ps*
. 07 o 05 oS
HFAG average a
without adjustments Amy (ps™)

Olivier Leroy (CPPM)

Prospects for CPV and mixing in neutral B

13 July 2016 62/32



B2 — ¢¢

s
w ’ - 3
b - (\/\/AVA V\s - ]
\
u,c,f\\,, §
b - - s
K
s s s s
a) gluonic penguin b) colour-allowed electroweak penguin
g peng peng
s
KO
b 5 6‘/{ - N
) ) &0 4L
s NSl ey
u,c,
7 b /v“v’" VAVAY s
~__ W
s
s s s - s
¢) colour-suppressed electroweak penguin d) singlet penguin
PP peng glet peng

Olivier Leroy (CPPM) Prospects for CPV and mixing in ni ly 2016 63 /32




LHCb plans

@ Run2 (2016-2018): 5fb~"' at /s = 13 TeV, improved trigger

@ Some major experimental measurements (e.g. v, B2 — ¢¢ ) are not yet at the
level of theoretical prediction

@ Above a luminosity of ~ 4 x 10%2cm~2s~", LHCb efficiency to trigger hadronic
modes saturates, because of the LO-trigger bottleneck which can not cope with
more than 1 MHz output rate.

= upgrade the LHCb experiment in 2018-2019:

@ Full software trigger: read all detector at 40 MHz — x2 efficiency for hadronic
final state.

@ Luminosity up to 2x10%3cm~2s~", new challenges: high pile-up, large
occupancies, radiation damages

@ Detector upgrades: VELO (pixels), tracker (Silicon strips and scintillating fibers),
RICH (multi-anode PMTs), CALO& MUON (new electronics), ...

@ Aim to collect ~50fb~". Annual yields wrt published analyses:
%10 for muonic final states and x20 for hadronic modes.
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Expected performances of LHCb upgrade sz,

Type Observable LHC Run 1 LHCb 2018 LHCb upgrade Theory
BY mixing #s(B] = J/v ¢) (rad) 0.049 0.025 0.009 ~ 0.003
$s(BY — J/p 1(980)) (rad) 0.068 0.035 0.012 ~ 0.01

Ag(89) (10—3) 28 1.4 0.5 0.03

Gluonic o (BY — ¢o) (rad) 0.15 0.10 0.018 0.02
penguin $$(BY — K*0k*0) (rad) 0.19 0.13 0.023 < 0.02

2p¢f(B0 ¢K§) (rad) 0.30 0.20 0.036 0.02

Right-handed #<M(BY = ¢) (rad) 0.20 0.13 0.025 < 0.01
currents T¢ .(Bs — qb'y)/-rBO 5% 3.2% 0.6% 0.2%

S

Electroweak 387 — K*0uF =1 < ¢ < 6Gev/c?) 0.04 0.020 0.007 0.02
penguin @@ Arp(BY — K*0ut ) 10% 5% 1.9% ~ 7%
AKpTp—i1 < ¢ < 6Gev2/ct) 0.09 0.05 0.017 ~ 0.02
BBY - xtutu=)/BBY - Ktutu™) 14% 7% 2.4% ~ 10%

Higgs BB - ptu=) (1079 1.0 05 0.19 03
penguin BB = ptpu)/BBY = utu) 220% 110% 40% ~ 5%
Unitarity ~(B — D(*) k(%)) 70 40 0.9° negligible
triangle 'y(Bo — Dsq:Ki) 17° 11° 2.0° negligible
angles ﬁ(B8 — J/Y Kg) 1.7° 0.8° 0.31° negligible

Charm Ar(D0 = ktKk—) (10— %) 34 22 0.4 -

CP violation DA (10739) 0.8 05 0.1 -

@ ¢ (BY — ¢¢) with a precision of 0.018
@ ~ with a precision below 1°
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https://cds.cern.ch/record/1748643

Flavor future of ATLAS and CMS

ATLAS and CMS will continue to collect data with an instantaneous luminosity 10 to 40 larger than LHCb.
However, since their priority is the high-pr physics, they cannot afford a too low pr threshold at the trigger level,

hence a compromise is to be done for b-physics.

In ATLAS, New Inner B Layer (already in run2) interesting for flavor physics: improve decay resolution and flavor

tagging.

Modified from [ECFA/13/284, 21 Nov 2013 ]

Expected sensitivities that can be achieved on key heavy flavor physics observables, using the total integrated luminosity recorded until the end of each LHC

run period. The values for flavor-changing neutral-current top decays are expected 95% confidence level upper limits in the absence of signal.

LHC era HL-LHC era
Run 1 Run 2 Run 3 Run 4 Run 5+
2010-12 2015-17 2019-21 2024-26 2028-30+
[ cat LHCb 3t~ T 8fo— T 23— 4610 7011 (2)
[ cat ATLAS, CMS 251 100" 30011 300011
BE St ) TMS > 100% 71% 7% - 21%
BE ) LHCb 220% 110% 60% 40% 28%
> 0 1 — THCb 0% 5% 2.8% T.9% 7.3%
9 ArB (K™ n 1) Belle Il — 50% 7% 5% —
0 ATLAS 0.1 0.05-0.07 0.04-0.05 0.020
#s(Bg — J/¥9) LHCb 0.05 0.025 0.013 0.009 0.006
$s(BY = o) LHCb 0.18 0.12 0.04 0.026 0.017
LHCb 7 4 1.7° 1.1° 0.7
v Belle Il — 11° 2° 1.5° —
=7 =z =z =7 =7
AP — KHK—) LHCb 3.4 x 10 2.2 x 10_4 0.9 x 10_4 0.5 x 10_4 0.3 x 10
Belle Il — 18 x 10 4-6 x 10 3-5 x 10 —
ATLAS 23 x 10 ° 41-7.2 x 10~ °
t—qz —5 —5 -5
cMs 100 x 10 27 x 10 10 x 10
t— gy ATLAS 7.8 x 10—5 1.3-2.5 x 10~

Olivier Leroy (CPPM)

Prospects for CPV and mixing in

y 2016 66 /32


https://cds.cern.ch/record/1631032

ATLAS and CMS

@ ATLAS

@ installed a new Inner b-layer in 2015: improved decay time resolution

@ New Muon Small Wheels+ additional barrel RPC’s — better acceptance,
less background

© Move track trigger to Levell — better selectivity

o CMS:

@ inner pixel layer in 2016: better vertex resolution
@ New L1 track trigger
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Experimental prospects

¢s main experimental challenges: statistics limited.
Ways to increase statistics:

@ deferred trigger and real-time calibration (already in run2)

@ higher output rate (smaller average event size), real-time analysis
@ more channels (tough job since B — Ji)é is so clean)

@ improve tagging power and decay time resolution
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My personal conclusions at Lake Louise 2016

Tantalizing tensions with respect to the SM:

Observable Tension | Limited
wrt SM | by

B— D®ru/B— D", ( =p,e | 4.00 experiment
(9-2)u 3.60 exp. & theo.
B® — K*%uu angular dist., BR 3.40 exp. & theo.
B — ¢uuBR 3.00 experiment
Dimuon CP asymmetry 3.00 experiment
Vs exclusive versus inclusive 3.00 exp. & theo.
€’ /e (direct CPV in K) 2.90 theory

BT — KTee/Bt — KT upu 2.60 experiment
h— 1 240 experiment

Many other interesting results exhibit no tension today, but put strong

constraints on NP models.

They remain fundamental for future searches, e.g.: v, B°-D°-K°-mixing, ¢s,
sin2s, Bg — up, B— Xy, Vop, B— 71, CPV in charm, CLVF, K — 7vp, ...
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http://www.slac.stanford.edu/xorg/hfag/semi/eps15/eps15_dtaunu.html
http://pdg.lbl.gov/2015/reviews/rpp2014-rev-g-2-muon-anom-mag-moment.pdf
http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1506.08777
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.074020
http://www.nature.com/nphys/journal/v11/n9/full/nphys3415.html
http://arxiv.org/abs/1507.06345
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601
http://www.sciencedirect.com/science/article/pii/S0370269315005638

	Introduction
	b  c  s mixing-induced CPV in B  0s
	b  c  s mixing-induced CPV in B  0
	B  0s and B  0 lifetimes and mixing
	 b  s  s mixing-induced CPV in B  0s
	Conclusions and prospects

