
 Riunione preventivi 2019, LNF 2 luglio 2018 

LHCb - Frascati 
Pietro Albicocco, Gianni Bencivenni, Liliet Calero Diaz, Pierluigi Campana, 
Paolo Ciambrone, Patrizia de Simone, Pasquale di Nezza, Giulietto Felici, 

Nikita Kazeev, Suzanne Klaver, Gaia Lanfranchi, Simonetta Liuti, Gianfranco Morello, 
 Matteo Palutan, Marco Poli Lener, Marcello Rotondo, Marco Santimaria, Alessio Sarti, 

and Barbara Sciascia 



LHCb: broad physics program 

2 - Barbara Sciascia - LNF preventivi 2019 - 2 July 2018 - 

 - CKM mechanism and CP Violation: γ, sin2β, φs, amplitude and mixing in B,D decays,… 
 - Rare decays: B0

s,d → µµ, b→sll, … 
 - SL decays: B→Dτν/B→Dµν,  
 - Spectroscopy: Xi++

cc, tetraquark, pentaquark,… 
 - EW, QCD, direct searches: Z0, W±, top, dark-photons, Long Lived Particles... 
 - Heavy ion, fixed target: production and nuclear effects in pA, AA 

Most of the results from Run 1 data only. Full Run 1 + 2 data results coming soon 



Ongoing data taking 
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Frascati direct contributions:  
 - Large participation to shifts: control room, piquet, run chief 
 - Muon project leader 
 - (deputy) Operation Coordinator 
 - Online 
 - Data quality 



Data taking contribution 
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Frascati CERN 



Data analyses 
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B(s)µµ full Run 1 + Run 2: 
[M. Palutan, M. Rotondo, M. Santimaria, A. Sarti, B. Sciascia] 
 - pubblicato [PRL 118, 191801 (2017)] con i dati di Run 1 + 1.6/fb di Run 2; prima 
osservazione (7.8 σ) di singolo exp. per il Bs. Ripetere per full Run 1 + Run 2 

Misura del rapporto R(Ds) = Bs → Dsµν / Bs → Dsτν; B → D form factors: 
[P. de Simone, S. Klaver, M. Palutan, M. Rotondo, A. Sarti, B. Sciascia] 
 - importante perché gli analoghi R(D) e R(D*) mostrano deviazioni (~4 σ) dal MS 
   (M. Rotondo convener del SL WG in HFLAV) 

Measurement of the D±
s production asymmetry with D±

s→K+K−π± decays: 
[S. Klaver] 
 - completa, articolo sottomesso 

Misura della polarizzazione della Λ0: 
[L. Calero Diaz, P. di Nezza, S. Liuti] 
 - importante per determinare la struttura di spin dei nucleoni, iniziata  

Misura del rapporto Λb→Λ0ee/Λb→Λ0µµ e ricerca del decadimento Λb→Λ0eµ: 
[J. Cerasoli (laureando), M. Santimaria, B. Sciascia] 
 - LFU test 

* only Frascati names 
are indicated 



LHCb in coming years 
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LHCb - end of Run 2 
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LHCb - Upgrade 1 

SMOG2(?) 



LHCb: what’s new 
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Muon upgrade in a nutshell 
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Frascati major 
contributions to 
each item  



Muon activities since “preventivi 2018” 
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G. Bencivenni, E. Danè, 
G. Morello, E. Paoletti, 

L. Pasquali, M. Poli Lener,  

Production of 30 MWPC spare. At CERN since October 2017. 
Dressed and tested; 9 already installed in last EYETS  

M1R1: construction of 8 GEM detectors [= 4 LHCb 
chambers] as spares. At CERN since December 2017; 1 
already installed in last EYETS. 

M. Anelli, E. Paoletti, 
L. Pasquali, A. Zossi 

Software (PVSS) and firmware (ODE, FEE) maintenance and 
update for the LHCb ECS (Experimental Control System) 

M. Carletti 



Muon identification 
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P. de Simone, N. Kazeev, 
 M. Palutan, M. Santimaria 

 - Optimization of the muon ID algorithm for the upgrade. 
 - Development of new algorithms exploiting also state-of-
the-art classifies. 

M. Palutan, A. Sarti  - Improved description of Muon system in Monte Carlo 
 - Low background simulation (crucial for study 
background rejection at the Upgrade)  



LS2 planning 
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Dismounting of M1: work package leader A. Saputi 
Beam plug under HCAL/M2: M. Palutan 
M2-5 removing and installation readouts and control electronics: WPL P. Ciambrone 
Neutron shielding installation: A. Saputi 

* only Frascati 
names are 
indicated 



M1 dismantling 
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M1 dismantling 
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A. Saputi, M. Palutan + 
2 tecnici LNF per 1 mese 

(M. Arpaia, E. Capitolo, A. Zossi) 

* only Frascati 
names are 
indicated 



Additional shielding behind HCAL 
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M. Palutan 
* only Frascati names 

are indicated 



Muon readout and control electronics 
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P. Albicocco, A. Balla, 
P. Ciambrone, M. Gatta 

* only Frascati names 
are indicated 

New On Detector Electronics (nODE) boards + nSYNC chip: 
 - nODE prototype developed, equipped with nSYNC (Cagliari) and tested with miniDAQ. 
 - PRR successfully passed October 2017 
 - nSYNC tender approved by INFN; full production ready October 2018 (Cagliari) 
 - nODE (190 boards): preproduction January 2019; March-June 2019, about 50/month 

New Control boards (12 nPDM and 140 nSB): 
 - under Roma 1 responsibility 
 - Frascati support to finalise work for PRR 
(successfully passed May 2018l) 
 - Tender ongoing (Roma 1) 
 - Full production ready and tested at CERN April 2019 

Installation and full commissioning at CERN; ~6 months over 2019-20 [1 people from LNF] 



Data acquisition and trigger: Run 2 

18 - Barbara Sciascia - LNF preventivi 2019 - 2 July 2018 - 

L0 hardware and readout limits hadronic modes 

Since 2015: online reconstruction with offline quality 



Data acquisition and trigger: Run 3 
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[Upgrade Software and Computing TDR CERN-LHCC-2018-007] 

40 MHz readout + fully process events at ~30 MHz 

Event size reduced to write 2-10 GB/s to disk 

Flexible and efficient trigger for both S/B and S/S 
separation:  
 - Multithread framework is in place and works well.  
 - Algorithm optimization: a factor 2 speed-up in less 
than 6 months has been achieved. Work ongoing. 
 - In depth profiling of the algorithms shows that there 
are large margins to achieve additional speed-ups. 



TELL40 
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 - Muon data preparation is presently too slow; discussion is ongoing if some of the work  
(crossing of vertical/horizontal strips) could be moved to TELL40 
 - Difficult without significant additional resources (+50%, very unlike)  
 - Confident we can cope by optimizing the muon  reconstruction software: ongoing 

 Centralised tender at CERN;  

 - Muon firmware under Roma 2 
responsibility 
 - zero-suppression algorithm 
implemented (large part of Muon 
detector has low occupancy). 
 - Number of Tell40 boards is fixed 
by the output bandwidth (<70 Gb/s) 
 - The FPGA resource usage is less 
than 70%  



Muon information reconstruction 
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S. Klaver 
 - Full restyling of beginning of Run 1 MuonRec 
 - Decoding of muon hits at upgrade needs to have “negligible” CPU time. 



Muon information reconstruction 
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S. Klaver 
 - Full restyling of beginning of Run 1 MuonRec 
 - Decoding of muon hits at upgrade needs to have “negligible” CPU time. 



Muon selection in upgrade trigger 
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M. Palutan 
 - L0 hardware stage: deep use of Muon information 
 - After L0 removal in LS2, use minimum bias events to study “recovery strategies”  



SMOG2 and beyond  
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SMOG: 
 - Thanks to SMOG system, since 
2013 LHCb can run in fixed-
target mode. 

 - pp and pA/Ap data collected in 
parallel: successfully tested and 
used since 2017 

SMOG2:  
 - order 10-100 increase of the 
useful target density for the same 
gas flow to the LHC than SMOG 

 - Injection of H2, D2, He, … all 
noble gasses up to Xe 

 - More precise target density 
(major systematic error so far) 



SMOG2 and beyond  
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P. Di Nezza 

* only 
Frascati 

names are 
indicated 



SMOG2 and beyond  
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Polarised Gas Target (PGT): use nucleons as QCD laboratory. 
 A three-dimensional description of the nucleon through measurable quantities 
• Generalized Parton Distribution functions (GPDs) 
• Transverse Momentum Distribution functions (TMDs) 

Coating issue: fruitful collaboration with CERN vacuum group and WP4 (PI: R.Cimino) of the 
EU funded program EuroCirCol on: ”Cryogenic Beam Vacuum System Concept on: vacuum 
stability at low temperature” 

P. Di Nezza 

* only 
Frascati 

names are 
indicated 



Conclusions and future plans 
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Involved in flagship analyses. 

Frascati: important role on the ongoing 
data taking and LS2 activities 
On track for a successful Upgrade 1. 

Limited impact on LNF resources 

Possible involvement in the monitoring 
at Upgrade 1. Key item given new 
detector, new DAQ, 2 shifters/shift. 

Ongoing R&D for future upgrades: 
SMOG2 and mRwell (see G. 
Bencivenni contribution) 



Ready for Upgrade 1 and beyond! 
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Spares 
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Anagrafica 2019 
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Ricercatori [11.95 FTE, tbc]:  
 - Gianni Bencivenni: 40 % [*] 1 Ric 
 - Liliet Calero Diaz: 100 % PhD 
 - Pierluigi Campana: 50 % Dir. Ric. 
 - Patrizia de Simone: 90 % 1 Ric. 
 - Pasquale di Nezza: 95 % 1 Ric 
 - Nikita Kazeev: 100 % PhD 
 - Suzanne Klaver: 100 %  PosDoc straniero  
 - Gaia Lanfranchi: 60 % 1 Ric. 
 - Simonetta Liuti: 50 % Ric. Straniero Associato 
 - Gianfranco Morello: 60% [*] Ric. TD 
 - Matteo Palutan: 100 %  Ric.  
 - Marcello Rotondo: 80 % Ric. 
 - Marco Santimaria: 100 %  AdR 
 - Alessio Sarti: 70 %  Ric. Associato 
 - Barbara Sciascia: 90 % Ric 

Tecnologi [2.2 FTE, tbc]: 
 - Pietro Albicocco: 70 % AdR  
 - Paolo Ciambrone: 70 % 1 Tecnologo  
 - Giulietto Felici: 20 %  Dir Tecnologo 
 - Marco Poli Lener: 60 % [*] Tecnologo 

[*]: da confermare 



Coordinamento e turni 
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Ruoli di coordinamento: 
 - P. de Simone: Muon Software Coordinator [01/2017 - 01/2019]    
 - S. Klaver: convener of  CPV, mixing and production SL subWG [01/2018 - 03/2020] 
 - M. Palutan: Muon Project Leader [01/2017 - 01/2019] 
 - M. Palutan: Responsabile nazionale [07/2018 - 06/2021] 
 - B. Sciascia: (deputy) Operation Coordinator [04/2017 - 03/2019] 

Ampia partecipazione ai “turni centrali” (sala controllo, piquet, run chief) 



32 - Barbara Sciascia - LNF preventivi 2019 - 2 July 2018 - 

Sigla Ric Tec FTE <FTE> MISS CON APP(#) 
ALTRO 
CAP(*) 

LHCb 13 3 11.7 0.73 161 90.0 - 21.5 14.5  - 255 255 85 73 - 

CSN1 LNF: Richieste 2017, assegnato e SJ ’18 

* Altri servizi (MOFb LHCb muon): 73 kE 
MOF-B Muon System: da CERN-RRB-2016-038, tabella 7, 120kCHF di cui 
l'Italia paga 70%, cioe' 84 kCHF = 72.58 kE (for 0.864 eur/CHF) 

# Apparati: 255 kE 
 - 125 kE: 50% delle PCIe40 per il Muon System.  
 - 130 kE: Produzione nODE e relativi spare 
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Utilizzo servizi II sem. 2018 gruppo LHCb 

Richieste II semestre 2018 

SEA 

CAD 1.5 mu 

13.0 mu Contingenza 2.0 mu 

Staff 9.5 mu 

SPCM Tecnici officina 0.25 mu 0.25 mu 

SEM Progettazione meccanica, Rivelatori 0.042 mu 0.042 mu 

DR Progettazione meccanica 1.2 mu 1.2 mu 

DR Informatico 3.0 mu 3.0 mu 
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Gruppo 1 LNF, LHCb, richieste nel 2019 

Sigla Ric Tec FTE <FTE> MISS CON APP ALTRO CAP 
LHCb 15 4 14.15 0.74 197 TBD 125 73 

Missioni: tot 197.11 kE 
  Estere: FTE*3M*3.7kE = 157.06 kE 
  Interne: FTE*1kE = 14.15 kE 
  Dismounting of M1 at CERN: 2 technicians * 1 MU * 3.7 kE = 7.4 kE   
  Responsabilità: 3M*3.7kE [dOC]+1M*3.7kE [Muon soft]+1M*3.7kE[CPV, mixing and prod.] = 18.5 kE 

Apparati: tot 125 kE 
 55 kE per Tell40 [seconda tranche dopo l’assegnazione 2019] 
 50 kE per fibre ottiche connessione nuova elettronica di readout muon [da pagare al CERN, gara in atto] 
 20 kE per postproduzione meccanica ODE (frontalini) 

Consumo:  
  Metabolismo: FTE*1.5 kE = 21.225 kE   
  15 kE setup test ODE [capitolo TBC] 
  SMOG2: TBD 

Altri servizi diversi: tot 77 kE 
  MoF-B LHCb MUON 
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Richieste LHCb per il 2019 

Richieste I e II semestre 2019 

SEA 

Produzione e test ODE TBD 

TBD Sviluppo firmware e software ECS 12 mu 

Supporto esperimento TBD 

SPCM Smontaggio stazione M1 (MUON system) 1 mu 1 mu 

DR Muon + SciFi 2.4 mu 2.4 mu 

DR Informatico 6 mu 6 mu 



Upgrade for Run 3 
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Physics prospects 
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Data aquisition and trigger 
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[Upgrade Software and Computing TDR 
CERN-LHCC-2018-007] 


