-

—

B ———— o -
P——— o - = oo

-~;

- —

HCb resul

D

w,—-rA

Viadimir Sh"e‘v‘cﬁe ko '
on behalfﬁfw»the:LI:I:CbﬁceIlaboration

NRC c¢cKurchatov Institutee
NUST¢MISiSé

QFTHEP 2019

SOCHI RUSSIA



Plan of the talk %
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A LHCbdetector, data taking, scientific output

A CP iolation

A First observation of CP violatjon ifi Deson decays

A Precision measurement oPDbOmixing

A Measurement of phases and. $SS

A Rare decay€xotics. Lepton universality. Summafig, My >
A Hadron spectroscopy: new statggentaquarks lifetimes

A Upgrade | & II

A Conclusions

DedicatedLHChalks on this conference:

PavelKrokovny Leptonflavouruniversalitytests atLHCb

EvgeniiKurbatov. LHClresults on rardeptonicdecays of Bnesons

Dmitrii Pereima{ S| NOK T2 NJ y S ¢-bag@@tithelHCh2 ¥ (1 KS
SlavaMatiunin: RecentLHClresults on charm andharmoniumspectroscopy

Seenhtip://Ihch-public.web.cern.ch/lhcb-public/ for more information
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http://lhcb-public.web.cern.ch/lhcb-public/

Undisputable triumph of the Standard Model: Higgs %i
60242y 92 [yR v/5 LKéaArOaz S
and stilinothing beyond

At the same time we are sure thttere is physicbeyond theSME

ANeutrino masses and oscillations
ADark matter
ABaryon asymmetry of the Universe

A..
Besides that, there are mardyvhyn and (hown in the Sk

A How is EW scale so smaller than UV scale?
A Why 3 generations (the enigma of flavour)?
A Why are lefts doublets and rights singlets?
A Why is this CKM matrix structure & CP?
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Large Hadron Collider beautyHCbh experiment %
addresses many of these deep questions via:

Aprecision studies of4and chadron decays
ACP violation in decays and mixing
Ahadron spectroscopy

. Compl tary t
Arare and forbidden decays — et
Aindirect searches of New physics ATLAS & CMS
A...

Main requirements to the detector

Al AdK 8ASTtR H STFTFAOASY G UOGONRARIISNI Iy
(b-production: 110>b @13 TeVin LHChkacceptancearXiv:1612.05140

Al 2% o0l O13INRdzyR h Yl a4 NBaz2fdziAz2ys

A+SNISEAY3I 3 ¢NIO{Ay3a I SEOSt t Sy

A Particle identificationtt/ K/ p (RICH)e/ 4 (E/HCA), 2 (MUON)

A Trigger: LO (high,;candidate particles), HLT1 & HLT2 (software)
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Operating at inst. luminosity

LHCDb: detector, data taking, scientific output: %

—_ —_ Magnet
L~ 4x10%cm™%s7! | T

RICHI

Runl: [£=3fb"!@7and8 TeV ;= \

L | @ e . 3 \
Run2: [ L ~6fb~! 013 TeV e E —=A]]

Excellent resolution:
momentum:0.4¢ 0.6 %at 5¢100GeV

muon D efficiency97 % =
electron ID efficiency90% S e — L,
kaonID efficiency95% Int. J. Mod. Phys. A30 (2015)1530022008 JINST 3 S08005

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018
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CP violation

1964

1956 Strange particles:

Parity violation CP violation in K
T.D. Les, meson decays

C. N. Yang and J. W. Cronin,
C. 5. Wu et al. & V. L. Fitch et al.
¥

1973

/7
Cabibbo Mixing The CKM matrix
N. Cabibbo M. Kobayashi and
T. Maskawa

2001 %

Beauty particles:
CP violation in B?
meson decays
BaBar and Belle
collaborations

2019

Charm particles:
CP violation in D°
meson decays
LHCb collaboration

CP violations described in the SM through one parameter in
the CKM matrix complex phase and it was established
experimentally in K and B meson decays since many years.

New physics beyond the SM could contribute to CP violation.

QFTHEP 2019
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The conventional way to parameterize CKM matrix is t ]2
Unitarity Triangle. To ovesonstrain it is a way to search
for New physics.

http://ckmfitter.in2p3.fr http://www.utfit.org
1_5 T T T | T T T I- 1 T 1 T I%l T LI T | T T T T T T T T ] " :
: extuded area has = 095 44% : |: '1{ .
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wor g ke Amy & Amg - Z—7 .
- : - B Amy - / d
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All of the available measurements agree inighly nontriviaway to the current level
of precisiong tremendous success of the CKM paradigm!
Mixing and CP violation in the qudt&voursector is generally well described

by the CKM mechanisqwe must look for small discrepancies
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First observation of CP violation in ﬁiﬁﬁﬁ‘
D° meson decays Phys. Rev. Lett. 122 (2019) 2118C

The asymmetry [ £=50fb"" - Run

0 0 B —
rop(f 1) = LW = ) =D = ) T oo ey
< y v -~ 5

[(D°(t) = f) + (D) — f) < 5000F ;D‘““

— - D' =K K
is sensitive to both direct and indirect CP violation. 34{’”“;‘ [7] Comb. bke ]
Time integrated measurement: huge statistics from 3¢ 44x10"overts

_ S 2000F .
B — D%, X D** — D°(f)rt = ;
S 1000F 3
&) -
/ dir <1L(f)> the mean %{:)05 2010 2015 2020
44C-P(f) CP(f) (DO) 4T(f) de(();ay time m(D°7") [MeV/c?]
. . DY — f «10°
Strong suppression of the systematic v AT TN
uncertainties by measuring the difference ~ 1800F baa

= 1600¢ o

AAcp = Acp(K~K™) — Agp(n™7™) = ook 52 o
The result (includingHCHRun 1): PR
£ 600F

B 400F ;

& 200F 1
5.3 standard deviations. The first observation of CP %005 2010 2015 2020
violation in the decay of charm hadrons. m(D°7*) [MeV/c?]
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Precision measurement oB D° mixing ﬁﬁﬁ[e

- oo i Phys. Rev. Lett. 122 (2019) 2318
p’ bsd vb,s,d p°
W

7 AAANIANN, C

D-mesonsoscillate like their K- and B- counterparts It is worth reminding however,
that despitethe corresponding~eynmandiagramslook similar,the physicalpicture of
mixingis verydifferent.

For K and B mesonsthe dominant contribution comesfrom the heaviestup-type

guark propagatingin the loop, correspondingto the external down quarks,so the

oscillation frequency provides information about & (i K/'S I NBeawy degree of

freedom
ButforD’YSaz2ya (GKSNB Aa y2 adzOK G Kybe/gdarkl &
since bguark belongs to another generation.

In other wordsDA & & A Y @S NEScillhtighk: engatk dlomihadting< oscillations
Is heavyd.o.f for Kwhile squark dominatingD oscillations is lightl.o.f for D.

J

D oscillations are dominated by long-distance physics.
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Physical mass eigenstates are a mixture of flavor eigenstates: %
[D12) = p| D) £ q|D°)
2 T (T, — )/ (2T) Old world average:
r = (m+ — m, 4 ' Uy = — |
r=(mqy—mo)c /"y 11— 1 — (3.6721) x 10_‘3
zop£ Az = — (a/p) (y+ix) y = (67509 x 10~

rep = —Im(zep) ycp = — Re(zcp) HFAG, Eur. Phys. J. C77 (2017) 895
Ar = —Im(Az) Ay = —Re(Axz) \[A;r — Ay =0 Jd

if CP is conserv

Use seHlconjugate multibody decays

| LI L B N B B T 7 IR I B T T [ T T 1T

The result (CRaveraged) D — Kt~ n® 'S [ [ Curent world aversge LHCD -
IS the most precise single measurement: =, 0917 L fhismensurement |
[ Parameter  Value [10 ] ' z:j'_ N

rcop 27 £16 £04 061 ]

Yeop 74 £36 1.1 051 i

Ar —0.53+0.70 +0.22 oal ;

Ay 0.6 1.6 +0.3 03 0 02 04 06 08 1
;} x [107]

New global average:z = (3.9 713) x 1073 Phys. Rev. Lett. 122 (2019) 231802
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Measurement of . Phys. Rev. Lett. 122 (2019) 211803 %
Neutral B mesons carmscillate to its antiparticle via box diagram

.. : : . . o Vie
Mixing induced time dependent CP violation: b_To ¢ .
w02 DB = ) =T (B0) = 1) B gw gwe B
o '(BYt)— f)+T (Bg(t) — f) s Ve T Ve b
A(f,t) ~ nysin o, sin(Amyt) g
. Vi EeE | 1wl e
(a4 N RN
Gs = —arg | — 1 Bi{ : 3 s0F RN 3
n A Sls W . ) E 4000 . . .
Results use 1.9/fb Run 2 data combined e e
with previousLHCIRun 1 measurements P EE) MV
AR EEE PREr -
= 10°E Em-m]
0s = —0.041 £ 0.025rad , B0 o 3 P
I\l = 0.993 + 0.010 , \ /4 ol g
I, = 0.6562 % 0.0021 ps~" . PN go e optih
AT, = 0.0816 4 0.0048 ps~" | ML A
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0.101
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(M.Romerqg at KAON 2019)

LHCb
Spring 2019
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Measurement of 55 ﬁﬁﬁ]g
The decayB’ — ¢¢ can proceed only via gluonic penguin diag
A(f. 1) ~ nysinos™ sin(Amyt)

The SM prediction|?:**| < 20 mrad Phys. Rev. D80 (2009) 114026

Measuring a larger value would be a clear indication of NP

Timedependent tagged and angular analysis

similar to that for arXiv 1907.10003
Different CP eigenstates contributing

Background contribution suppressed thanks

to excellent PID and mass resolution

Excellent decayime resolution”, ~ 43 fs

Efficiency to tag the initidlavour 5.7%

Results:
o5 = —0.073 £0.115 (stat) £0.027 (syst) rad, Consistent with SM
Al = 0.99 £ 0.05 (stat) £0.01 (syst). expectations
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