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Accessing the next scale

Direct way Indirect way (Flavour)
High energy production Low-energy precision measurements.
of new particles. « NP can alter mixing dynamics

Probe directly structure of « NP can introduce new sources
matter and its interactions of CP violation



Mixing formalism

Behavior of Neutral Particles under Charge Conjugation

M. GELL-MANN,* Depariment of Physics, Columbia University, New York, New York

Neutral K (D, B and B,) system:
“particle mixture”,
time-evolution governed by
x< Schroedinger’s equation
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Eigenstates superposition of flavour states,
can have different masses and decay widths

A. Pais, Institute for Advanced Study, Princeton, New Jersey
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If CP is conserved, g and p are real, i.e. |g/p| =1 and ¢ =arg(q/p) =0



Phenomenology
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Phenomenology
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Experimentally

e Tagged mixed
o Tagged unmixed
— Fit mixed

Fit unmixed
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Crucial tracking and vertexing Charm tagging
- Ap/p =0.4-0.6% at 5-100 GeV/c Prompt tag

- O(R0) ym IP resolution on tracks
- 0(50) fs decay-time resolution

Flavour at decay from final-state particles.
Initial flavour:

- use DO coming from, D**—D°n* or B—=D1 X
- for B® and B_° more complicated...




Identifying the initial B flavour

Hadron collisions represent a challenging environments for B tagging
Don’t miss Vincenzo Battista’s talk at YSF'!

New algorithm SS Kaon Performance metrics

_— e = N(tagged)/N(total)
arXiv:1602.07252 sy ¢ = N(wrong tag)/N(tagded)

SS pion Eorr = €<(1 — Bw)=>
SS kaon (B,)

PV

opposite side

OS kaon
OS charm
G OS muon
OS electron
OS vertex charge
0S algorithms in EPJC 72 (2012) 2022 New OS Charm algorithm

JINST 10 (2015) 10005



Identifying the initial B flavour

Hadron collisions represent a challenging environments for B tagging
Don’t miss Vincenzo Battista’s talk at YSF'!

Tagging power [%]
2011 Run I Improvement Ref.

BO—J/ VK, 2.38 3.03 +27% PRL 115 (2015) 031601
B.—J/VKK 3.13 3.73 +19% PRL 114 (2015) 041801
B O—=dJ /A 2.43 3.89 +60% PLB 736 (2014) 186

B.9—opp 5.33 PRD 90 (2014) 052011

B.—D_K 5.07 JHEP 11 (2014) 060

Impressive improvements
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" LHCb

Am, with high precision j:
Tagged B —~D (—Kmm)p*X (1.6M) D mary

and B® =D *~(—DO;m)u" X (0.8M)
decays reconstructed in the Run I dataset

B* —D*)~ 11" X major offending background.
Develop a multivariate classifier to
distinguish it from signal.

LHCb

Data
Total fit

- D" component
D° component
Combinatorial

Use of OS tagging algorithm,

tagging power of about 2.5%. prelimmary ]
(2012 data)
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Biased estimate of the decay time,
due to the unreconstructed neutrino AR, -~ —
(B momentum partially reconstructed). —

precc

Statistically correct by using simulation
(k-factor). Decrease of the time resolution.

SN, O

Events/(0.004)/(11 MeV/c?)
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Am, with high precision ey [T
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DO mixing from D°—K*'m

Prompt-tagged decays from Run I data.
4-body final state, very challenging.
Measure the ratio of WS to RS

decays in bins of decay time.

TG R O]

: K3m
— xsinjop

/ | K3rm
Yranr = Y COS 5D

D%

Sensitive to ,
interference between CF and DCS

* RS candidates
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amplitudes and their relative strength.
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New mixing observation
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Constraining x and y in the fit to
known values (HFAG), measure

K3m

(5.50 £ 0.07) x 1072
(—3.04+0.7) x 1073 |

World’s best results.
Important input for y measurement
in B=D(—=K ' mm")K decay.



CPV: a two slits experiment

Quantum 1nter erence b&ween two amplitudes

A p~2|a, a,|sin(s, - 8.) si @)




CKM phase(s)

d S b
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A~ 0.23

Y less constrained angle
3 mixing-induced CPV in B°

16] ¢ mixing-induced CPV in B°

[very small]

Charm CPV suppressed

[extremely small]
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y with BO—DOK" -

y constraints from pure tree B—Dh
decays are robustly free from NP.

5600 5800

y uncertainty mainly statistical.
m(DK*nt") [MeV/c?

Benefit from combining several inputs.
Latest LHCb combination:

9 , [LHCb-CONF-2014-004]
Y = (73;0 ) © Will be updated
very soon!

Weighted candidates / (16 MeV/c?)

LHCb

=340

using B*—=Dh*(h™h") with
e D—=f (GLW method)
* D—=fyp (ADS method)

* D—3-body (GGSZ method)
and time-dependent B.°—D_ K.
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LHCb

~170
BO—DOK*mT™
First BO—=DOK'n~ Dalitz-plot analysis. gk
Despite low statistics, a new
opportunity to access y from

interference of resonances in the DP.

1 — g 1
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arXiv:1602.03455

Weighted candidates / (16 MeV/c?)
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y with BO—=DK'm %,

~ LHCb
BO—DOK '(892)°
4 | )

From B°—DCK*(892)° extract
the CP asymmetries

x, =7,c08(8, =y) !

y, =1,SIn(0; £y) }

No evidence of CP violation.

While no value of is excluded at 95% C.L.,
this is a powerful new method which will

be very important in Run 2 and beyond!
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AApin DO—h'h-

Probe CPV in charm with
DO—K*K and DO—1m'mT.
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Prompt-tagged decays from
full Run I dataset. Measure:

N(D™ — D', ")~ N(D* — Dyt ) 4
N(D" — thh]n:) +N(D"™ — Bth]ns_) »'

Candidates / ( 0.05 MeV/c?)

A_ [hh]=

raw

~(Ac, [hh1{A,  [D'1+ A [,

Provided equal kinematic distributions
for decays to K*K™ and m'm~ decays,
spurious asymmetries

cancel in the difference

Candidates / ( 0.05 MeV/c?)
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arXiv:1602.03160




AApin DO—h*h-

AAcp = (—0.10 £ 0.08 (stat) £ 0.03 (syst)) %

No CPV violation observed. Supersedes PRL 108 (2012) 11162.
Compatible with SL-tagged analysis [PLB 723 (2013) 23].

A_SL K-K*and n-r* -_—
' — A prompt K-K

A prompt '

e no CPV

-5 0

arXiv:1602.03160




c[B.and &80 quick reminder

6% CL contars B.9—=dJ/WKK PRL 114 (2015) 041801
(Alog L 19)

B.O—J/YTITT  PLB 736 (2014) 186

B.°—D,” D.,* PrL 114 (2015) 041801

—_—

26.%t B,O—®® PrD 90 (2014) 052011

singB = 0.731+0.035+0.020 with B®—dJ/\{Kg PrL 115 (2015) 031601

o
s

+ Control of penguin pollution
231t BO—=J/\yp  PLB 742 (2015) 38
CPV in B,%—dJ/YK * gHEP 11 (2015) 082
CPV in B °—dJ/WKg JuEP 06 (2015) 131

Signal yield asymmetry

[
i i o o <2
B~ W Nk O~ N W




<> LHCDb continues to harvest rich results from Run I.

High precision measurements of mixing of neutral B mesons.
Continuing the exploration of the D mixing dynamics.

Measuremw in B and D mesons in good agﬁmﬁt
with the SM, but (almost all) limited by statistics.

il ’ -
Full data sample not (yet) competely exploited,

many important results foreseen very soon
(e.8. new y measurements, CPV in b baryons)

< LHCb ready and fully operational for Run II.
Eager to exploit the physics potential of new data!




Backup



AApin DO—h'h-

Going to sub-per-mill precision.

Analysis of 8 disjoint subsamples matresutam = 6.3 (7 ndf)
Spllt by s p-value = 0.50.
. . .
magnet polarity: test cancellation 2011 up TS
° I
of detector-related asymmetries sor1 goun I
—p——————
year: data taking condition 2011 down S
. . . . 2012 up TOS
LO trigger: different kinemastic o B
2012up TIS
of the decays —on
2012 down TOS
Numerous stability checks. T
AsymmetflesaS&fUHCtlonOf _15”|1_I1|1||_0Is|||1(1)11||ols||11411||15
number of primary vertices  PID requirements ' ' ' AAp [%]
quality of the D*vertex DO mass arXiv:1602.03160
m soft kinematics time (run numbers)

DO kinematics




3 angle

Indirect determination:

; = +0.017
sin B34y = 0.771 _0.041
[CKMFitter arXiv:1501.05013]

A long history of sin 23
measurements at the
B factories, started in 1999.

BaBar: 0.687 + 0.028 + 0.012
[PRD 79, 072009 (2009)]

Belle: 0.667 +£0.023 £ 0.012
[PRL 108, 171802 (2012)]

Intriguing tension
between direct and indirect
determinations

BABAR (2000)
(9.0/Ib)

Belle (2000)
(6.2/fh)

Belle (2001)

(11 M BE)
BABAR (2001)
(23 M BB)
BABAR (2001)
(32 M BB)
Belle (2001)

(31 M BB)
BABAR (2002)
(88 M BB)
Belle (2002)
(85 M BB)
Belle (2003)
(152 M BB)

BABAR (2004)
(227 M BB)

Belle (2005)
(386 M BE)
BABAR (20046)
(348 M BE)
Belle (2006)
(535 M BE)
BABAR (2008)
(465 M BE)
Belle (2011)
(772 M BE)

‘urrent Average,

0.34 0. 2002005 (d)

0.59 0. 14 £0.05 (e)

099 0. 14 2006 ()

0.741 H0L06T 034 (g)

0719 H0L074 HLO35 (h)

0.728 H0L056 HL023 (i)

0.722 0L 040 20023 (j)

0652 D039 HL02Z0 (k)

0.710 0L 034 20019 (1)

0.642 H0L031 HLOLT (m)

0.687 H0.028 L0012 (n)

0667 HLOZ3 0L (o)

0677 HLO20




3. angle

Another unitary relation of
CKM matrix, concerning B,

Indirect determination:

2B,5M = 0.0363 + 0.0013 rad
[CKMFitter arXiv:1501.05013]

BEarly measurements by
Tevatron experiments showed
interesting 20 deviation from
indirect determination, but
large uncertainties.

Moved to high precision era
with LHC “B, factory”.




Outlooks

We expect a huge increase in precision in the LHCb upgrade!

Type Observable LHC Run 1 LHCb 2018 LHCb upgrade Theory
BY mixing 52(BY = JJio) (rad) 0.049 0.025 0.009 ~0.003
3s(B® — J/ f5(930)) (rad) 0.068 0.035 0.012 ~ 0.01
AL(BY) (10°7) 58 14 0.5 0.03
Gluonic ST (BY — ¢¢) (rad) 0.15 0.10 0.018 0.02
penguin T (B? — K*OK*9) (rad) 0.19 0.13 0.023 < 0.02
26°T(BY — ¢K9) (rad) 0.30 0.20 0.036 0.02
Right-handed oM (BY — ¢) (rad) 0.20 0.13 0.025 < 0.01
currents TM(BY — ¢7)/Tpo 5% 3.2% 0.6% 0.2%
Electroweak — S3(B? — K*ut ;1 < ¢* < 6 GeV?/c?) 0.04 0.020 0.007 0.02
penguin g2 App(B® — K*%utpu™) 10% 5% 1.9% ~ ™%
Af(Kptp;1 < ¢? < 6GeV?/c?) 0.09 0.05 0.017 ~ 0.02
BBt — ntutu™)/B(BT — K utu™) 14% % 2.4% ~ 10%
Higgs B(BY — ptpu™) (1079) 1.0 0.5 0.19 0.3
penguin B(BY — utu™)/B(BY — utu) 220% 110% 40% ~ 5%
Unitarity (B — DWK®) 7° 4° 0.9° negligible
triangle v(B? — DTK®) 17° 11° 2.0° negligible
angles B(BY — J/¢ K2) 1.7° 0.8° 0.31° negligible
Charm Ap(DY — KTK™) (107%) 3.4 2.2 0.4 —
CP violation AAcp (1077) 0.8 0.5 0.1 —




