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CP Hapywenne n CM \ Onuma Ne2 (HemnTtpuHo)

--------------------------------------------------
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CP HapyweHue n CM \ Onuma Ne3 (KXA)

3M HyK5IOHOE U J1le2Kux si0ep

Lcp = %FQ‘B“ 5 - 5,3 = fy N3 3M HeumpoHa 7] < 1

Ecnu Hosas gusuka:

1) UsockanapHa, mo d‘D =d, [0 — qneH]
2) SUSY — u3sockansipHas / usoeekmopHas, Left-Right Symmetric —

usosemopHas, 2Higgs — U3o0meH30pHas .

Heo6xodumo usmepsimb 34M p, n, d, t, *He
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Onuwma Nel (cnaboe B3amoaencTBme KBapKoB)
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meson decays
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Charm particles:
CP violation in D?
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meson decays
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[TposBneHnsa CP-HapyweHus (npamoe \ npumep!)
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[TposasneHmna CP-HapylweHus (Mpy cmeLwwmBaHmm)
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posasaeHna CP-HapyLleHua (Mpu MHTepPepeHLLm
1PAMbIX PACcnaaoB U CMeLLBaHUA)
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Pacnaabl 04apOBaHHbIX YacTUL [Narpammebl TMNa
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[Tpamoe CP HapylweHMne B pacnajax c-aaApOHOB
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PO)K,ELGHI/IE TAXRE/IbIX KBAPROB Bllepes

[NFOOHHbIN-CUHTE3 — OCHOBHOW MeXaHU3M
poxkaeHua Taxenbix (¢ & b) KBapK-
aHTUKBAPKOBbIX Nap

OuapoBaHHble aZPOHbI BblETalOT
NPEenMyLLEeCcTBEHHO B NepeaHemM HanpaBaeHUH
(akcenTaHc aKkcnepmumeHTa LHCb 2<n<5)

CTO obecneunBaeT CUTHATYPY BblAENEHUS
pacnanos c- & b-agpoHOB

[TomeuymnBaHume (TarrmpoBaHue) NePBUYHbIX-C U
c-u3-b

06.03.2019 A.Dzyuba @ PNPI WS 2019

Prompt tagging

Primary
vertex (PV)

+ A

Higher tagging rate

Secondary
(semileptonic) "

PV
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More efficient triggering 15




-~ T .
LHCb: Hantn \ |hurmposaTs\ U3ameputb
| ) TPEeKKPUHT
BblaeneHne nepBmUYHbIX 1 BTOPUYHbIX VDeHTNOUKaUumA Yactuy — oToop

BEPLUMHbI / pacnpeaeneHne o BpemeHM'.,.--“ KaOHOB ‘--.‘-‘-IV-IPOOHHaFI cUcTeMa —
pacnaga / nepBuYHbIE U BTOPUUHble / ‘\‘fanr'"rmposaHme
OYapoOBaHHbIE aZPOHbI /' / )

EPID(IE)EQ5% HCAL 3

MisID (K — ) ~ 5 % G o T o \

TouKa B3aMMOAENCTBUA NPOTOHEB/

/
|

Magnet

Epfﬂ(lu) ~ 97 %
MisID (1 — ) ~ 3 %

o(IP) == 20pum
op/p=04—0.6"7%

Etrack 96 %

%:’ JINST 3, (2008) S08005;

' Int.J. Mod. Phys. A 30,
| (2015) 153022
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Comput. Phys. Commun. 208 35-42

C BeTNMOCTb N OH/1A M H _OT6 O p Int. J. Mod. Phys. A 30, 1530022 (2015)

Integrated Recorded Luminosity (1/fb)

Arxiv 1903.01360
LHCb paboTtaeT B Mmoae ¢ NOCTOAHHOW CBETUMOCTbIO Beam-beam crossing
(1.7 BUAMMbBIX B3aUMOAENCTBMIM HA NepeceyeHne ny4ykon) -
v v ) MH=
AnnapaTHbIM M NPOrPaMMHbIN TpUrrep AnA oTbopa aipOHOB U MIOOHOB
Turbo stream for Run-2 — cobbITUA-KaHANAATbI PEKOHCTPYUPOBAHHbIE L0
Ha YpOBHe TpUrrepa 3anmcbiBatOTCA HANPAMYIO Ha AUCK AN Hardware frigger
nocaeayowero aHann3sa + (oHnaH KannbpoBKa): lmH-,_
* Bonblwe cobbITUIM Ha AUCKE (TaK KaK cobbITME MeHbLUEero pasmepa) HLT1
* Mcnonb3oBanoch B NpeAcTaB/ieHHOM aHanM3e AaHHbIX. Partial reconstruction
LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018 l 110 kHz
— 2018 (65 TeV): 219 /b
9 :_ 2017 (6.542.51 TeV): 1.71 ffb + 010 /fb . R
- 2016 (6.5 TeV): 1.67 o Buffer :) Alignment &
| e 10PR calibration
7 E_ 2011 (3.5 TeV): 1.11 /fb
= 2010 (3.5 TeV): 0.04 /b l
6:_ H :
= . 1 kHz HLT2 3 kHz
SE TurCal -~ i E— Turbo
JE S0MB/s Full reconstruction 100MB /s
3 5 kHz l 420 MB/s
2F-
= Full
SR | | | | | |
0 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year
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AcmmeTpuna pacnagos n CP-acummeTpumAa

ApomaT Ha4ya/IbHOro COCTOAHUA

[(D° = f)-T(D = f)
= nsmepaeTca NPy NOMOLLU TarrMHra:

A (f)= =~
cr(/) (D" — f)+T(D — f)
f=n"mn",K"K* D** 5 D't wan B = D°(= lu™X

JKCnepuMeHTa/IbHO U3MepAEeTCA aCUMMETPUA YMC1a BOCCTaHOB/IEHHbIX
pacnagos (¢ BbluTeHHbIM GOHOBbIM BKN1aA0M):

A (f) = N(D°— f)— N(D°— f)

~ N(D°> f)+ N(D°= f)
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f zn_ﬂfJ;K_KJ”

AcmmmeTpuna pacnaagos U CP-acummeTpumAa

AcMMMeTpUA AEeTEKTUPOBAHUA AC"MMETP"’L
UHTepecylow,an Hac Be/INUMHaA 4acTUUBI-Tarrepa poxpenns D
D*T = pogt Ara,w(f) —[ACP(f)]_'_AM)—I——'—AP(D )

Uunan

et A(f) =(Aer () + A +{A (1) +(Ar.a(D)

Ucnonb3ya aBa CP-yeTHbIX KaHana:

[AACP — A (KK)—A

() = A, (KK)— A, (m)]

raw Fadw

Ecnu 3Ta BeAnunHa oTAiMyHa ot Hyna = HapyweHue CP
(ecnun paBHa Hynto TO: "M60 CP coxpaHaeTtca, nimbo A, (KK)=A.,(rm) )
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JKCNepMMeEHTaNbHbIM CTATyC Ha mapT 2019

Relative difference of
average proper time
between D% - K~ K™ and
D>t

C no CPV

0.015
BaBar

BaBar
0.010 | cor K I e In BaBar and Belle this
LHCb prompt KK . .
2oos | LHCh prompt e Lch quantity is zero
35 5000 N HFLAV combination
4
_o.005 [ al’d = (0.030 + 0.026)%
828 E
[
oo | ° 3§ AALY = (—-0.134 + 0.070)%
0018 . . " - Consistency with NO CPV
-0.015 —-0.010 —ﬂ.ﬂﬂﬂﬂ?gﬁﬂﬂﬂ 0.005 0.010 hypOtheSiS- 9-3%
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i 0+
OT60p COBLITUN-KAaHANAATOB D™= = D'm

G JeTe PRIV 7TVl Comput. Phys. Commun. 208 (2016) 35
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ri e M — - Combinatorial i
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= g E
L= - ]
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— DY(— N
OT60p COBLITUI-KAaHANAATOR B=>D7(=fu X

e [lononHUTeNbHaA nepemeHHana (CKOpPPEeKTUPOBAHHAA Macca)

Meorr = \/m(DOU) + p’;" (DOU)+ p’fT(DOU)

e [1nAa nyywero otbopa cobbITUM-KaHANAATOB C MIOOHHbIM TAarrMpPoOBaHMEM
MCNOJ/1Ib30BAJICA MY/1IbTUBAPUAHTHbIN KnaccupukaTtop (Heobxogmmo ans
nogasneHma ¢poHa)
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Magnetic field
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ROPPEeKTUPOBKA KMHEMATUKN

AcummeTtpumn poxkaeHusa u
AETeKTUPOBAHUA MOTYT C/1erka

3daBUCETb OT KUHEMATUKU pacnaga

NobasneHne pononHutenbHbix Becos (ana K+K- pacnagos)

MNormahzed candidates

e m-tagged: pr (D7), p(D"), ¢(D7)
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AcummeTtpumn poxkaeHusa u

KO p p eKTU p OBKA KNHeMATUKW [eTEKTUPOBAHMA MOTYT C/lerKa

3daBUCETb OT KUHEMATUKU pacnaga

NobasneHne pononHutenbHbix Becos (ana K+K- pacnagos)

_

LHCb E
-— D' 5 e 1
— S kR

« p-tagged : pr(D°), p(D°), p(D°)

Very small effect on 4A4,p

Mormalized candidates
Mormalized candidates
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amepeHne Agaw

D*t - DOg*

OavHakoBble napameTpbl ANa Mme3oHOB U dHTUME3OHOB
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B - D°(> fu X

OauHaKoBble napameTpbl ANd me3aoHOB U dHTUME3OHOB
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i 0+
CUCTEeMaTUKa D= - D'n

* Mogenb onMcaHMa MaccoBoM KpuBOI (anbTepHaTMBHas mogens) = ().6x 104
* KoppeKkTnposKa KMHEMATHKM (CTaT.Norp. OnpeseneHuns Becos) 5 () 2x 104

* Bknag c-u3-b (ctat.norpewHocTb BblaeneHna) = (). 3x 104
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CUCTeMaTUKA B—-D"(— flu X

* Moaenb onMcaHMA MaccoBOM KPMBOW (anibTepHaTMBHaA modenb) = 2x 104
* [MpuBsA3Ka K HenpasuabHomy miooHy (CF pacnaa) > 4x10~%
* KoppeKTnpoBKa KMHEMATUKM (CTAT. MOrpPeLIHOCTb BECOB) > 1074

* PasnnyHasa sapPpeKTUBHOCTbL BOCCTaHOB/IEHUA b-agpoHa > 2 %1074
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CnctemaTuka (cBoaHada Tabamua)

Source m-tagged [107%] p-tagged [104]
Fit model 0.6 2
Mistag 4
Weighting 0.2 1
Secondary decays 0.3

BY fraction 1

B reco. efliciency 2
Peaking background 0.5 |

Total D
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[poBepKa YyCTOMYMBOCTU pe3yabTaTa

* Habop aaHHbIX pa3buBanca Ha noaHabopbl, A1A KOTOPbIX NPOBOANACA NOAHbLIN aHANN3
(neneHune no: nepuoay Habopa AaHHbIX, HANPABAEHUIO MAarHUTHOIO NOJIA, KWHEMATUYECKMM
nepemeHHbIM, NepeMeHHbIM, XapaKTepPM3YIOLWLMM BCe COObITUE-KaHaANAAT)
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[TpoBepKa YyCTOMYMBOCTU pe3yabTaTa

* Habop aaHHbIX pa3buBasnca Ha NnoaHaAbopbI, 419 KOTOPbIX NPOBOANACA NOAHbLIN aHAN3
(neneHune no: nepuoay Habopa AaHHbIX, HANPABAEHUIO MAarHUTHOIO NOJIA, KWHEMATUYECKMM
nepemeHHbIM, NepeMeHHbIM, XapaKTepPM3YIOLWLMM BCe COObITUE-KaHaANAAT)
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CpaBHeHMe pe3yabTtaTtoB Ana Run 1 n Run 2

Runl
-t d Run 1 (3 b~
AAqp = (+14 + 16(stat) + 8 (syst))x10~% p-tagged Run 1 (3 1)

Phys. Rev. Lett. 116 (2016)

n-tagged Run 1 (3 fb)

_ —4
AMce = (~10 £ 8 (stat) £ 3 (syst))x10

Run 2
AATSE5 — [~18.2 £ 3.2 (stat.) £ 0.9 (syst.)] x 107
AALZe8d — [0 + 8 (stat.) £ 5 (syst.)] x 107
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PesynbTaT Run 1 + Run 2

AAqp = (—15.4+2.9)x10°*

e CTaTUCTUYECKAa 3HAYMMOCTb OTK/IOHEHMA OT HynAa — 5,30/
* [lepBoe HabatoaeHue CP HapylweHna B pacnaaax

O4adpPOBdHHbLIX a4POHOB

23.04.2019 [3t06a Anekcen @ CemunHa p OB 34



CpaBHeHMe C APYTMMU SKCNepUMeHTaMI

g fb'\/s = 7,13 TeV pp

385.8 b1 Y(4S)

9.7 b1 +/s = 1.96 TeV pp

976 fb' b1 Y(4S)

23.04.2019

LHCb [LHCb-PAPER-2019-006]

BaBar [Phys. Rev. Lett. 100, 061803(2008)]

CDF [Phys.Rev.Lett. 109 111801 (2012)]

- Belle Preliminary [arXiv:1212.1975]

AAcp [%]
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NHTepnpeTaumA AACPEACLd”( | T(<BO)yCP) | T?gg)agﬁ

MoHTe-Kapno moaenmposaHue

~
lNpeabiaywime namepeHuna: JHEP 04 (2012) 129
A(t)/T(DO) — 0115 i 0002 Vep = (57 i 1.5))(10_‘5 Phys.Riv.Lett.122(2019)011802

(t)/7(D°) =1.71 £ 0.10 Ar = (-28 £28)x107 = —afy’ RN

—0Qcp Phys. Rev. Lett. 118 (2017) 261803,

Aadl = (-15.6 + 2.9)x10~*

* [Ipamoe CP HapyweHuna B pacnagax o4apoBaHHbIX aAPOHOB
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TeopeTnyeckaa MHTepnpeTaumA

arX1v:1903.10490v 1

23.04.2019

A Acp within the Standard Model and beyond

Mikael Chala, Alexander Lenz, Aleksey V. Rusov and Jakub Scholtz

In light of the recent LHCb observation of CP violation in the charm sector, we review
standard model (SM) predictions in the charm sector and in particular for AAcp. We

get as an upper bound in the SM |&A%r}£| < 3 x 10~*, which can be compared to the
measurement of AAZEP2019 — (154 +2.9) x 10~*. We discuss resolving this tension

within an extension of the SM that includes a flavour violating Z’ that couples only to
§s and c¢u. We show that for masses below 80 GeV and flavour violating coupling of

the order of 10~*, this model can successfully resolve the tension and avoid constraints
from dijet searches, D° — )" mixing and measurements of the Z width.
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TeopeTnyeckaa MHTepnpeTaumA

The Emergence of the AU = 0 Rule in Charm Physics

Yuval GmssmmH and Stefan Schach

Aa

dir
P

Ap
11 —
m (3

/

—

|ﬁﬂ| Ein{55tmng) )

CooTHOLWEeHNe MaTPUUYHDIX
3/1eMEeHTOB COOTBETCTBYHOLLUX
onepartopam nepexoaos C
U3meHeHuem " coxpHeHunem U-
CNUHA

arXiv:1903.10952v1

3aBUCUT OT 3/1IeMEeHTOB

KKM-maTtpuubli

23.04.2019

In principle two options are possible in order to explain this result: In the perturbative

picture beyond the SM (BSM) physics is necessary to explain Eq. (78]). On the other hand,

in the SM picture, we find that all that is required in order to explain the result is a mild

nonperturbative enhancement due to rescattering effects. Therefore, it is hard to argue that

BSM physics is required.
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TeopeTnyeckaa MHTepnpeTaumA

Implications on the first observation of charm CPV at LHCb

Hsiang-nan Li'*, Cai-Dian Lii*', Fu-Sheng Yu®

Very recently, the LHCb Collaboration observed the C'P violation (CPV) in the charm sector
for the first time, with AANL, = Acp(DY - KK~ )—Acp(D' — nhn—) = (—1.54£0.29) x 1072,
This result is consistent with our prediction of AAN = (—0.57 ~ —1.87) x 10~ obtained in the
factorization-assisted topological-amplitude (FAT) approach in [PRD86,036012(2012)]. It implies

that the current understanding of the penguin dynamics in charm decays in the Standard Model

arXiv:1903.10638v]1

is reasonable. Motivated by the success of the FAT approach, we further suggest to measure the
Dt - K™K ~7" decay, which is the next potential mode to reveal the CPV of the same order as

1073,
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Y10 Aanble?

* banxanwee byayuiee: MHAMBUAYA/IbHbIE acCUMMeETPUN + AL
* Run-3: lNpoBepKa pe3ynbraTos:
* MIOOHHbIW VS. MMOHHbIN TAarrnHr

* NMMOHHbIN (Runl+2) vs. nMoHHbIN (Run-3)

* Belle-2 yBennuut (cBoto) ctatnctnky B 50 pa3 otHocutenbHo Belle



