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CPV at charm sector & New Physics in loops 
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• CKM matrix provides clear prediction of very 
small CPV in charm sector (D-mesons are the 
only up-type quark system, where mixing and 
CPV can occur) 
 

• New Physics in loop-diagrams driven 
processes, which are very suppressed in the 
SM (Keeping in mind: long-distance 
contributions, for which precise theoretical 
predictions are difficult, but can play 
important role) 
 

• Need a lot of cc  for discoveries 
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Better understanding of QCD 
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• QCD is a natural part of the SM 
 

• Chiral perturbation theory valid between 
0.1 and 1 GeV 

• Perturbative QCD calculations >> 1 GeV 
 

• Although charm hadrons are in between  
of these two regimes, due to high c mass 
double and triple charm systems, as well 
as exotica are kind of natural bridges for 
QCD development 
 

• Need intensive charm source to produce 
such bound systems 



Machines for charm studies (Luminosity / Ncc) 
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At threshold Higher energies 

In future PANDA 
 

• Selective to hadron production thresholds  
• Production cross sections measurements 
• Polarization studies possible 

 
• no lifetime measurements / not large sample 

CLEO-c (0.8 fb–1 / 5*106 )  / BESIII ( 3fb–1 / 2*107  ) 
 In future Super-tau-charm Factories 

• at ψ(3770) resonance 
• Quantum coherence, which allows to measure 

strong phase 
• Almost no background 

 
• No boost – no lifetime measurements 
• Small sample size 

Belle (1 ab–1 / 13*108 )  / BaBar ( 550 fb–1 / 8*108  ) 
 In future Belle2 (50 ab–1) 
 

• Neutrals / neutrino studies  
• Clean environment 
• Lifetime studies possible 
 

 
 

CDF (10 fb–1 / 23*1010 )  / LHCb (5 fb–1 / 8*1012  ) 
            In future LHCb Upgraded ( 50 fb–1  300 fb–1)  

• Huge rates 
• Excellent lifetime resolution due to the boost 

 
• Large backgrounds 
• Difficult to work with neutral 



Обзор новых результатов представленных на 
Конференции CHARM’18 + Перспективы 
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• Спектроскопия 
 

• Смешивание, CPV, Редкие распады 
 

• Рождение чарма 
 

• Интересные результаты 

• Экзотика 
 

• In Medium 
 

• Теория 

https://indico.inp.nsk.su/event/10/timetable/#20180521


Спектроскопия 
 
 - Время жизни дважды очаровательного 
  бариона 
 
 - Обнаружение новых мод распадов 









Предсказания КХД на решетках 













Смешивание, CP-нарушение, редкие распады 
 
 - Параметры смешивания и CPV (WS- 
   анализ) 
 - ΔACP в распадах нейтральных мезонов 
 - CPV в редких распадах 













Impact for rare decays (what can be done?) 
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Intermediate vector resonances in 
the dimuon spectrum can hide short 
distance (SM) contribution  

LHCb will keep pushing down the limits as there is still 
 some room for New Physics: 
 
• BR(D0→μ +μ –) < 7.6 x 10–9 (90% CL) with 1 fb–1  
 PLB 725 (2013) 15 (working on update) 
• SM predictions ~ 10–12 [long distance γγ recombination, 

based on Belle limits on BR(D0→ γγ), PRD 93 (2016) 051102] 

 



Impact for rare decays (what can be done?) 
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• CP- and T-asymmetries for rare decays 

• Lepton Flavor Violation (LFV) to be examined 

• Lepton Universality (LU) in charm sector 

• Angular and amplitude analyses 











Измерение сечение рождения 
очаровательных частиц 
 
 - Рождение барион-антибарионных пар 
 - Свойства чармония 
 - Рождение пар (R) 















«Интересные измерения с чармом» 
 
 - Регистрация смешивания a0/f0(980) 
 
 - Новый прелестный барион 











Перспективы физики очаровательных адронов 



Timeline 

21.05.2018 A.Dzyuba @ CHARM-2018 41 

At this stage LHCb could be the only high 
statistics heavy flavor machine 

LHCb is currently in 
last year of operation 
(Run-II) 
 
Performing well 
 
 
 
 
 
 
 
 
Upgrade I is under 
construction for 
installation from 2019 
 
Expression of Intent 
for the second phase 



New after Upgrade: VELO, Tracking, PID, Trigger 
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New detectors: VELO, UT & SciFi 
Upgrade for RICHs, CALO and MUON 
Change trigger strategy wrt. Run-I & II 
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Almost cancel Cancel 

Run-I dataset: 

• The statistics in Run-II can be increased roughly factor of ten 

• Another factor of 10 for Runs III & IV (50 fb–1) 

Projected statistical uncertainty (LHCb-PUB-2014-040): 

 * we expect that systematical uncertainly also will scale down, as data driven methods are used 

* 

Projections for CPV observables: ΔACP 



AГ projections 
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LHCb-PUB-2014-040 

Combination of prompt and semileptonic tagging gives 
most precise CPV measurement: 

More improvement after Upgrade (we expect that systematics will improve with increasing L as data driven methods are used): 

For more details about 
LHCb CPV studies see talks 
of  Maxime Schubiger and 
Angelo Carbone 



Spectroscopy with high luminosity 
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LHCb will continue to study charmed heavy baryons 
 
Possible to have ~9k sample of Ξcc

++ at 50 fb–1   
 (under assumption that data scales with luminosity  
  ~300 candidates \ √s = 13 TeV \ 1.7 fb–1 ) 
 
 Search for other decays channels  
 
  Precise investigations of decay properties 
 
  Search for partners: Ξcc

+, Ωcc
+  

 
  Wide program for exotica (will be discussed by 
      Tomasz Skwarnicki and Anton Poluektov) 



Very high precision can be achieved with 300 fb–1 
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Mixing parameters Indirect CPV parameters in charm 

• We expect that systematical uncertainty will scale down together with statistical one. 

• All chances to find CPV in charm sector 











Accelerator complex  

with colliding electron-positron beams   

(Super Charm-Tau Factory, SCT) 

https://indico.inp.nsk.su/event/13/other-view?view=standard 



► D-Dbar mixing 

► CP violation searches in charm decays 

► Rare and forbidden charm decays 

► Standard Model tests in  leptons decays 

► Searches for lepton flavor violation →mg 

► CP/T violation searches in  leptons decays 

► … 

SCT physics case: challenges for Particle Physics 

high complementarity with 

Belle-II at Super KEKB,  

LHCb at LHC,  

PANDA at FAIR,  

first of all – flavor physics,  

study of nucleon matter and antimatter, 

search for new phenomena  

beyond the Standard Model.  

SCT technology case: accelerator S&T 

 Two rings, 800 m each 

 Crab waist  

 Collision energy from 2 GeV to 5 (6) GeV 

 Luminosity:  5·1034 cm-2s-1 at 2 GeV  

                    and 1035 cm-2 s-1 at 4 GeV 

 Longitudinally polarized electron beam at IP 

 Extensive use of SC wigglers to control 

damping parameters and tune optimal 

luminosity in the whole energy range  

The concept of the new collider is 

based on a new method to increase the 

luminosity, which was proposed by 

physicists from INFN (Italy) and 

developed by INFN and BINP experts 

 

Similar accelerator approaches are 

used at SCT, Super KEK-B and FCCe 

 

Accelerator technologies developed for 

SCT are very demand for other Russian 

mega science projects: NICA,  SSRS-4  

 



SCT current status: R&D and design 

Artistic view of future facility 

Future facility at the Budker Institute landscape 

 Detailed physics program is developed 

 Preliminary CDR was issued (in 2011), 

is updated in 2018, is go on … 

 R&D for accelerator and detector is in 

progress, prototypes and key elements 

were designed and produced 

 Preliminary civil engineering and 

infrastructure design is completed  

 IT requirements are identified 

 ... 



Classical detector concept  for colliding beam experiments is suitable for SCTF  



1. For realization of physics potential of the SCTF we have to built the 
detector with excellent performance-  it  is very interesting and 
difficult task 

 
1. Most of subdetectors can  be constructed on the base of existing 

detector technologies but we have  to choice the optimal ones 
among many options  (extensive R@D is needed)  

 
1. But FARICH for PID is very challenging and probably we need to 

have more simple option for PID at the beginning    



SCT road map of construction 

SCT is expected to have a life span of at least 15 years,  

it may be expanded to more than 25 years 



SCT management structure at the construction stage 


