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Run 1

Instantaneous Luminosity [10*? cm2 s71]

the results from LHCb have
definitively proved the
concept of a flavour physics
experiment in the forward
region at a hadron collider
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LHCDb 2012 running conditions :

v/ running at levelled luminosity
of ~3-4x10%% cm2s!
and pile-up ~ 2.3

v" 50 ns bunch spacing

v 1 MHz readout

v’ data record at ~3-5 kHz
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few highlights of LHCD results

285 papers integrating over
PRL 115 (2015) 07201

published, accepted and submitted
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few highlights of LHCb

combination of CMS and LHCb data

first observation of B,—p*p- with 6.2 o
BB — pu'u)=2847-107

first evidence for B'—p*p- with 3.0 o
BB’ —u'u)=3914107"
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Run 2 data taking

v'at 13 TeV, LHCD gains from higher Vs and 25 ns bunch spacing
v'during L.S1 some sub-detector consolidation
v'changes of data flow in trigger: rate to storage from 5kHz to 12.5 kHz

Integrated Luminosity (1/pb)
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Run 2 up to 2019 =>» 8 tb"!

Run 2 will offer a significant increase in sample sizes (~

x6 1n b-yields), which will allow for ever

more precision: these are some anomalies highlighted by LHCb spokeperson (Guy Wilkinson)
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the LHCb upgrade

there 1s an excellent physics case to push for improved precision
alm at experimental sensitivities comparable to theoretical uncertainties
fully exploit LHC physics in the forward region

however, beyond LHC Run 11, the increase of statistics 1s imited by
the 1| MHz readout and associated hardware trigger 1.0

upgrade will be performed during [.S2, now expected to be 2019-20

uperade all sub-detector electronics to 40 MHz readout (Muon = LNF)
make all trigger decision in software
some new detectors: tracking detectors and RICH

restart data taking in 2021 at L up to 2X10° cm™s’!, pile-up=7.4
upgrade detector qualified to accumulate 50 fb!
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upgrade of the Muon detector (@ LNF
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upgrade

M

detector layout at

M1
C ]

> station layout with the 4 regions indicated

side C yf side A
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m . =~ MWPCs X-Y strip readout OR-ed by the FE,

apart M4R1 and M5R1 pad readout

@ M1 station will be removed
@ profiting of the new HCAL layout, additional shielding (30 cm tungsten) will be installed in
front of M2R 1 to mitigate the higher rates of the innermost regions = from MC we expect a

rate reduction of ~ 25%
@ additional shielding (Pb) already installed behind M) to reduce back-scattered particles

from LHC magnets
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MWPCs @ high luminosity

MWPC ageing studies (LHCb-2004-029) show that Q), = 0.45 C/cm accumulated
by the detectors does not imply a degradation in performances. However Q, . is about
70% of the maximum integrated charge expected in the inner region of M2 over the
50fb! of integrated luminosity foreseen

=>» detector ageing is a concern after 1.S3

@ adequate supply of spare MWPCs =® the number of detectors required has been
estimated from the current replacement rate

33% MWPC spares for the R1 and R2 regions
20% MWPC spares for the R3 regions
10% MWPC spares for the R4 regions LNF and PNPI task

we postpone the construction of inner chambers (R1 and R2) of the stations M2 and M3,
since for these stations/regions readout modifications are being studied

LNF scientific committee 23/11/15 P. de Simone 11



chambers production @ LNF (I)

10 years after the massive production of LHCb MWPCs, LNF was the only INFIN site where
such a production could be restarted again
the goal is to produce 30 MWPCs of large dimensions 1.6X0.4 m?

many months of work to prepare all of the needed tools and resume all the different steps

first step 1s panecl assembly
(PCB+honeycomb+PCB) in the
clean room, 3 panels glued at a time:
all 135 panels needed for the LNF
chambers (both M5R4 and M5R2)
have been produced, with the
required planarity <50 um

second step HV bars are glued on
special tables

third step chamber wiring,
2 panels at a time
after the panels are tested with HV

fourth step lateral bars are glued, and
the 4 gaps are finally assembled

LNF scientific committee 23/11/15 P. de Simone 12



chambers production @ LNF (II)

the first MOR4 chamber has been closed on May 26th

a huge thanks to the LNF-LHCb
technical staff for the great work !

Manpower: 2.5 I'I'E from LNF (tll dec.

. ! 2015, then 2.0)

Mario Anellj luigi: sAndreap Emiliano after chamber assembly =»
Pasquali™ Zossi

Paoletti i test gas tightness and leakage
TR kN currents + scan with radioactive
source will start in the next weeks
in a dedicated test facility

v to build 30 chambers at LNF

v 8 chambers already closed

v with 2.5 FTE we are closing ~2 chambers/month

v to conclude the chamber production within 2016

v next February will start the production of 5 spare GEM chambers for RUN 2

LNF scientific committee 23/11/15 P. de Simone 13



Muon readout (@ 40 MHz

the existing front-end electronics 1s already readout at the rate of 40 MHz intended for the
upgraded experiment, on the other hand

1) the off-detector readout electronics provides to the DAQ) system the full hit information

(position and time) only at a rate of 1 MHz
2) and is not compliant with the new fast communication protocol based on the GBT chipset

v design a new board (nODE) back compatible with the current ODE
v" use new GBTx and versatile link components to implement DAQ, TFC and

ECS interfaces

v" use a new custom ASIC (nSYNC) to integrate all the required functionalities

clock synchronization and BX alignment
time measurements and histogram capability
zero suppression algorithm, data truncation and buffering
v guarantee enough flexibility to increase granularity and reduce channel occupancy

possible IB boards replacement in the high occupancy zone
possible chambers replacement in low granularity zone

foreseen 180 nODEs, included spares (chip Cagliari, board LNF)
23-24/11/2015 LHCDb electronic review
Acknowledge: servizio elettronica LNF (A. Balla, M. Gatta)
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Upgrade PID TDR

@ for the TDR, a considerable effort has been spent in projecting the detector performances to
the Run III upgrade scenario £ = 2 x 1033 em2s! | pile-up = 7.4, Vs = 14 TeV
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@ results are shown as a function of p at high luminosity in red compared with the 2012 in blue
=>» ¢-MuonlD: 5% loss for muons; m-MisID: a factor of 2 background increase is observed

@ the observed nt-MisID increase would seriously affect our S/B ratio at high luminosity, which is

clearly not acceptable mainly for the physics program on rare decays

we concentrated then on studying possible improvements to the muon
identification at upgrade, as shown in the next slides
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Muon IDentification isa two-step procedure

step 1 = IsMuon

on each station hits around the track extrapolation points are collected within search
windows (FOI) that are parameterized depending on w momentum and crossed

dete.cto.r resion , Momentum range Muon stations

a coincidence of stations

is required as a function of 3 GeV/c <p <6 GeV/c M2 and M3

momentum = 6 GeV/c < p < 10 GeV/c | M2 and M3 and (M4 or M5)
p> 10 GeV/c M2 and M3 and M4 and M5

step 2 = Muon Likelihood (muDLL) QT T T T

based on the average squared distance D? .%’)1 ol - Pions

of the closest u hit in FOI to the track ML Saons

extrapolation points on each station

: : 2 : . 2
D? = l E x‘closes: __‘x;rack + Yelosest —_.)" :ran‘k
NG pad;, pad;

PN T T T T T TR T S
100 150 200

0 o ISIOI -
Square Distance Significance(D?)

muDLL is then combined in a likelihood with RICH and CALO (combDLL)
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improving Muon IDentification

step 1 9 IsMuon
IsMuon collecting all hits in FOI, also from unpaired strips

IsMuonTight collecting only crossed hits in FOI
( crossed hits: both X and Y readout channels fired )

we studied the performances of the isMuon'light to understand if an improvement of
the background rejection is possible at high luminosity with a reasonable signal loss

step 2 = redefine the muon classifier

to exploit the full detector informations (space residuals & multiple scattering errors,
hit times, number of shared hits) and to account for correlations, we introduced multi
variate discriminants BDTs

LNF scientific committee 23/11/15 P. de Simone 17



MuonlID-¢ and wt-MisID with IsMuon'Tight

2012 data samples
v'us and s probes are TIS (L0 && HLT1 && HLT?2)

unbiased
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nt-MislD extrapolated at high luminosity

n-MisID as a function of nPV for different regions and momentum ranges,

as measured on 2012 calibration data

the observed behaviour 1s used

to extrapolate t-MisID at
L =2x10¥%cm?s!,<nPV>=74

the m-MisID extrapolation @ high
nPV 1s done fitting with a
polynomial of the second order in
the nPV range 0.5-5.5 =
systematic 1s evaluated moving up
and down the nPV upper limit

pion MisID probability
o

cooc9ooo
S =W

OO 02O«
S =Wk n

0.06
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(=]

@ the increase of the w-MisID is especially relevant for the inner regions, where it is

dominated by accidental hits
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measured at

m-MisID extrapolated at high luminosity : numbers

, 3<p<6GeV/c | 6<p<10GeV/c| p>10GeV/c
pile-up ~ 2.3
IsMuon 1093 = .0006 0529 = .0002 00954 = .00002
isMuonTight | .0544 £.0004 0296 + .0001 .0077 £ .0001

with isMuon'Tight at high lumi we get close to
the 1sMuon performance at low lumi

extrapolated at | 3< <6 GeV/c |6 <p< 10 GeV/c | p> 10 GeV/c
pile-up ~ 7.4
IsMuon 16 = .01 (1.46) .088+£ .003%.001 .018£.001£.001
(1.66) (1.93)
iSMuonTight .098 £.008=% .002 .056£.002+£.002 | .013£.0004+£.001

(0.89)

(1.06)

(1.38)

numbers btw parentheses are the ratios wrt to IsMuon at nPV~2.3

the crossing request is very effective, since it rejects a sizable fraction of accidentals
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the Boosted Decision 1ree LNF group + F Archilli (CERN)

v’ several BD'Ts have been trained using data control samples of us as signal, and s
as background

v' the full information from the muon detector have been used: space residuals,

multiple scattering errors, times, number of shared hits

v BDT procedure accounts for correlations between hits positions in muon stations
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m-MisID performances vs luminosity

. 4%1032 cm2 s 2%1033 cm2 sl
we compare three scenarios,  0.16 g— 7 .
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the proposed improvements (IsMuonTight+BDT) guarantee for the upgrade conditions the same

MisID we have now, thus preventing from any sensitivity losses with luminosity increase
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workshop on muon identification at LHCb 15-16/10/2015 Frascati

in view of the upgrade we organized this
workshop to begin fruitful discussions and
collaboration with our LHCb colleagues

Thursday, 15 October 2015

09:30 - 11:00 MuonID from RUN I to upgrade conditions

09:30  Introduction 30
Speaker: Matteo Palutan (Istituto Nazionale Fisica Nucleare Frascati (IT))

(2N

10:00  Detector related considerations 30’
Speaker: Alessandro Cardini (INFN Cagliari, Italy)

¢ B

10:30  Status of MuonDLL 30'
Speaker: Ricardo Vazquez Gomez (Istituto Nazionale Fisica Nucleare (IT))

@
11:00 - 11:30

11:30 - 13:10 Physics requirements

11:30 MuonID at high p/pT 30’
Speaker: Lorenzo Sestini (Universita e INFN, Padova (IT))

[

12:00  MuonID at low p/pT 30’
Speaker: Paul Seyfert (Universita & INFN, Milano-Bicocca (IT))

[

12:30  Rare decays: B(s)mumu case 20
Speaker: Ricardo Vazquez Gomez (Istituto Nazionale Fisica Nucleare (IT))

[N

12:50 Rare decays: DOmumu case 20'
Speaker: Marianna Fontana (Universita e INFN (IT))

[

14:30 - 16:30 Improved/Improving muonID algorithms

14:30  MC studies for high luminosity 30
Speaker: Violetta Cogoni (Universita e INFN (IT))

2 n

15:00 BDT algorithms for MuonID identification 30
Speaker: Flavio Archilli (CERN)

LNF scientific committee 23/11/15 P. de Simone

16:30 - 17:00

17:00 - 19:00

20:00 - 22:00

15:30  MuonlID perfori at high lumi ity 30
Speaker: Patrizia De Simone (Istituto Nazionale Fisica Nucleare Frascati (IT))
@

16:00  Clustering in MuonID 30’
Speaker: Marco Santimaria (Istituto Nazionale Fisica Nucleare Frascati (IT))

[

Improved/Improving MuonID algorithms

17:00  MuonID optimization for low p/pT 30
Speaker: Giacomo Graziani (Universita e INFN, Firenze (IT))

2 mn

17:30  Improving rejection against decays in flight 30’
Speaker: Francesco Dettori (CERN)
@
18:00  MuonID via Kalman fit 30'
Speaker: Xabier Cid Vidal (CERN)

¢ B

Friday, 16 October 2015

09:30 - 11:00

11:00 - 11:30

11:30 - 13:00

MuID vs trigger: RUN II and Upgrade Scenarios

09:30 MuonID in Offline/Online at RUN II 30
Speaker: Kevin Dungs (Technische Universitaet Dortmund (DE))

2 mn

10:00 Perspectives for MuonID in the trigger at upgrade 30’
Speaker: Johannes Albrecht (Technische Universitaet Dortmund (DE))

@
10:30  Trigger selection for str decay 30
Speaker: Diego Martinez Santos (Universidade de Santiago de Compostela (ES))
@ - B :

Combined performances and calibration

11:30  Data-driven calibration of simulated PID 30
Speaker: Lucio Anderlini (Universita e INFN, Firenze (IT))

¢ B’

12:00 Perspectives on combined PID 30'
Speaker: Christopher Rob Jones (University of Cambridge (GB))
@

12:30  Conclusions and outlook 30
(9 X9
Speaker: Barbara Sciascia (INFN (IT)) 2 5



LHCDb-LNF group

Bencivenni Giovanni staff 40
Campana Pierluigi staff bb
Ciambrone Paolo staff 30
de Simone Patrizia staft 80
Felic1 Giulietto staft 30
Lanfranchi Gaia staff 60
Ogilvy Stephen post. Doct. 100
Palutan Matteo staft 80 LNF-group coordinator

and MuonlID convener
Santimaria Marco PHD student 100

Sartt Alessio stafl 70

Sciascia Barbara stafl 80 PID convener, ECGD ofhcer
Vazquez Gomez Ricardo post. Doct. 100 Stripping coordinator

several duties and responsibilities in the LHCb collaboration
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conclusions

v LHCD surpassed Run 1 performance expectations
=> huge physics output
v" very good perspectives for RUN II: LNF group is involved in crucial analyses such as
B, —~uw"w and R(D,)
v" the LHCD upgrade is fully approved and funded, and it will be ready for installation in 2019
and operational at the end of 2020

LHCDb upgrade: LNF hardware activities

@ LNF chamber production site resumed and now operative
@ 8 MWPC spares already built;
we plan to complete the production end 2016,
+ 5 GEM chambers for Run 2
@ we are responsible to project and to realize the boards of the new Off Detector Electronics;

the design 13 being reviewed today at CERN
LHCb upgrade: LNF software activities

@ our studies on Muon Identification at high luminosities have shown that we are able
to restore the average -MisID increase (~ factor of 2) with the pile-up
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LNF scientific committee 23/11/15 P. de Simone 26



few highlights of LHCb results:|v,,/V,, | from A,—puv/ A,—A uv

Nature Phys. 11 (2015) 743
N(A, —ppuv )=17 687 + 733

o 18000 ———————F————————7 T T T T
) - [ Combinatorial ]
> 15000F M Mis-identified LHCb E ‘
§ - EmD’puv : -
X Alpv ]
S 12000 mmALY e E
g g Nuv et A — PDG 2014
g - , o Np™PHVY £ usive arXiv:1501,05373
»n 9000 ; B ~l ——*— (RBC/UKQCD)
Q - (B—-mlv) e arXiv:1503.07839
S cooof (FNAL/MILC)
- C
=
<3000 LHCb arXiv:1503.01421
@) (A—ppv) — RBC/UKQCD)
0
3000 4000 5000

PYR [T ST ST T ST ST ST TR S ST S SR ST S N S T S
0.003 0.0035 0.004 0.0045 0.005
IV, |

Corrected pu~ mass [MeV/c?]

Vi = (3.27 £0.15 £ 0.16 £ 0.06) x 10~

v in good agreement with the exclusive average using B, —nlv
v’ other tree level semileptonic decays decays being explored
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few highlights of LHCDb results: rip9 = BB—D*wv)/ BB—Dwv)

B—D*tv PRL 115 (2015) 112001

powerful channel to test lepton universality
ratios R(D*) = AB—D*tv)/ ZB—D*nv)
could deviate from SM values, e.g. in models with charged Higgs bosons

identify B—D%tv, D* = Dr, D—Kn=, tT—pvv

similar kinematic reconstruction to Ay —>ppv

assume py, = (Pp«+ p,), to calculate m,; * = (py — Pp«— P,

require significant B, D, t flight distances & use 1solation MVA

separate signal from background by fitting in m__._ 2, q*> and E,

shown below = high q? region only (best signal sensitivity)

R(D*) = 0.336 + 0.027 + 0.030

Signal gy ———
935 <q” < 12.60 (GeV)’ \ 9.35<q” < 12.60 (GeV)’ B b

~ T T T T . Data ] ~ T T T T
- B - D'ty > \
3000 (d) m=c oo 2 3000 (b)

[%) - Comb :t};ri b %
o Misidentified - D MV
@ 2000 E -

o ]

<

g 1000 = 3

g

m e

2000 2500

E,* (MeV)

R RS i
O o e e e -
_4 i -5.(-)6 ---------- ] -(-)66 -------- i -5-(-)-0- --------- ia(-)-on ------- -23
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Run 2 data taking

v at 13 TeV, LHCb gains from higher Vs and 25 ns bunch spacing
v'during L.S1 some sub-detector consolidation and changes of data flow in trigger

LHCb 2015 Trigger Diagram

LHCb 2012 Trigger Diagram
40 MHz bunch crossing rate 40 MHz bunch crossing rate

~ > <>

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz

LO Hardware Trigger : 1 MHz
readout, high Ev/Pr sighatures

‘ 450 kHz 400 kHz 150 kHz

h* H/pp e/y

Defer 20% to disk

R S

([ Software High Level Trigger

[ ) . Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

29000 Logical CPU cores Buffer events to disk, perform online
detector calibration and alignment

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive
selection algorithms y

o O o O O
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of inclusive and exclusive triggers

( Full offline-like event selection, mixture)
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Run 2: 1mprov1ng data quality 1n trigger

; Software High Level Trigger - Note this step (new to 2015), between
[ dienlend tracke vt o dions the initial and final HLT selections

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

S S L

12.5 kHz Rate to storage

Here the events are written to local
disks (~4 PB available) while calibration
and alignment is performed.

Only when this is satisfactory is
second stage of HLT executed.

This step important, as better alignment provides better signal discrimination. Also
means we can trust information we would not use otherwise in HLT (i.e. from RICH).

“= Oyprs) = 86;MeV/c? T Oyg) = 44.3 MeV/c?
:02:_ Y=y Initial | Final
- system alignment o alignment

80

20000—

10000}

8(\00 8800 9(1)0 9200 9400 9600 9830 10000 100010-001()«)0 10800 )‘()00 )-‘(x‘)A—)‘LQD ):00 )?00 ’10000 Woo m.ioo 10600 wsw 11000
m(p'p) [MeVie'] 4 [MeV)

Goal is to improve background rejection, & to do

online much of what was traditionally done offline!
LNF scientific committee 23/11/15 P. de Simone

) . 2 ) " T . ; v L 2 * . | L 2 " g

104

trigger, no RICH

10
10°

10

withRICH D—KKK

L " " M A 1

1800 1850 1900
My, [MeVicT]
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Run 2: turbo stream

: 'Software High Level Trigger - Corollary of new procedure is that recorded

displaced tracks/vertices and dimuons

[ Partial cvent reconstruction saect ] data are already suitable for physics analysis.

Cautiously start to exploit this feature for high

e J:'Z.'f’ﬁ"ﬁ:::. B ' yield studies — establish the ‘TURBQO’ stream

- Store candidates as found by the HLT
of inclusive and exclusive triggers - Discard most Of raw data

1 1 » - Hence reduce storage by ~90%

12.5 kHz Rate to storage - No need for offline processing

[ Full offline-like event selection, mlxture]

Standard DST TURBO - Data immediately ready for analysis !
~2/3 rate ~1/3 rate :
TURBO used for first run-2 physics results.
Charm signals coming through TURBO stream

< T < T T ] & Mo T " — T T T T T o
> F L S 2 1 >k h R
2 S A—pKTT LHCb Trigger = 2000 DO KTITTIT $ | LHCb Trigger 3 2 0 e o T LHCb Trigger E
o E © \s=13TeV ';{ : / ] is=13TeV . & 10000 | ' Is=13TeV —
5 400F ~ 10000 P = u t! .
3 - & - [ 3 ] $ b | ‘I =
S 3000F & 000~ ! X = 3 C . ]
S : - u * 4 ] T 6000 T ! J
S 2000 F § “op 1 ‘ B & F . i .
: gy 3 ~ a0 i 3
1000 40005”__._"“’ \'\'-——-—; C RN pur
- 2000~ . 2000 T =
) S S S S S E— s 0: , o I - o u ] 0: /‘I L l:
2250 2300 2350 1800 1850 1900 140 150 160 )
m(pKr) [MeV/c] m(Knnn) [MeV/c’] m(D*) - m(D") [MeV/c]]
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the LHCDb upgrade: trigger

eflicient and selective software trigger with access to the full detector information at every 25 ns bunch crossing

LHCb Upgrade Trigger Diagram

. . 50 flo! foreseen luminosity and signal yields
30 MHz inelastic event rate o
(full rate event building) 45 7= = nt. Luminosity(1/fb) /
/

40 7| «= Muon triggers (yield A.U.) I,

. Software High Level Trigger : ‘

. 35 Hadron triggers (yield A.U.) ,,

Full event reconstruction, inclusive and /
exclusive kinematic/geometric selections 30 ”
25 - upgrade [ ___ '
: /
Run-by-run detector 20 7 ,’
calibration ) 15 : / /
4
10 A
- o
Add offline precision particle identification| 5 - 77
and track quality information to selections G S
— — - O
<} b L Run

R1 R2 R3 R4 .
2-5 GB/s rate to storage petio
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the LHCb upgrade: detector

L =2x10% cm™%s™! requires some new detectors and 40 MHz
readout clock new electronics

VELO from microstrip sensors (R,¢) to 55X55 um? pixel sensors
closer to the beam, from 5.5 mm to 3.5 mm )
~ LHCb-TDR-{13,14,15,66}
Upstream Tracker silicon strip detector |
adapt segmentation to increased
occupancy

Side View ECAL HCAL Ma M3

M3

M2

SciFi RICH2
; Tracker

SciFi Tracker 3 stations i
of X-U-V-X scintillating ﬁ-\

Lo operate e [ 1B2L [

PID RICH]1 redesigned; new photodetectofs ___ A
for RICH1 and RICH?2 it

upgrade
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LHCb & upgrade sensitivities

this table, from LHCB-TDR-012, summarises some of the goals that can be

achieved in flavour-physics with 50 ftb™! and the upgrade detector

Type Observable Current  [in LHCbH Upgrade Theory
precision 2012] 2018 (50fb~) | uncertainty
B? mixing 23, (BY — Jh) @) 0.10 [1] 0.025 0.008 ~ 0.003
2835 (BY — Jh) f0(980)) 0.17 [10] 0.045 0.014 ~ 0.01
Aw(BY) 6.4x 1072 [15]  0.6x107% | 0.2x107% | 0.03x 1073
Gluonic 25°1(BY — ¢¢) - 0.17 0.03 0.02
penguin 23 (B0 — K*0K0) - 0.13 0.02 < 0.02
231 (B0 — $K9) 0.17 [14] 0.30 0.05 0.02
Right-handed 25H(BY — ¢y) - 0.09 0.02 < 0.01
currents TM(BY — ¢7)/7ro — 5% 1% 0.2%
Electroweak  S3(B" — K*'utp—;1 < ¢* < 6GeV¥c?) 0.08 [1] 0.025 0.008 0.02
penguin so Apg(BY — K*%u*t ) 25% [141] 6% 2% 7%
Af(Kptp ;1 < ¢* < 6GeVZ/eh) 0.25 [17] 0.08 0.025 ~ 0.02
BBt »atptu")/B(BT — Ktputu) 25% [10] 8% 2.5% ~10%
Higgs BB = i) [5x10°[] 05x10° [015x10°| 03 x 10"
penguin B(B° — utp~)/B(BY — ptp) - ~ 100 % ~ 35% ~5%
Unitarity v (B — D" K™) ~ 10-12° [19, 2] 4° 0.9° negligible
triangle v (B? = D,K) - 11° 2.0° negligible
angles B (B — J/YKY) 0.8 [1¥] 0.6° 0.2° negligible
Charm Ar 23x 1077 [15] 040 x 102 [ 0.07 x 10°° -
CP violation AAcp 21 x 1073 7] 0.65x 1072 J0.12x 1073 -

LNF scientific committee 23/11/15
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LHCb upgrade : LS3 opportunities

The ~50 fb-! of the Upgrade era will require runs 3 and 4.

LHCb Upgrade =

HL LHC »
2021 2024 2027 2030 2031 2034 2035

'l

LS3, between runs 3 & 4 is an extended long shutdown, in preparation for HL-LHC.
LHCD in LS3: consolidation + opportunity to enhance capabilities of detector further.

e.g. replace inner region (or more) of e.g. instrument sides of dipole with tracking
ECAL with a more performant technology  stations — can give a significant improvement
to improve e/y/T° performance in acceptance for high multiplicity decays

1 |(‘ i S | |

Outer section :

121.2 mm cells

2688 channels

' -
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dead time induced nethiciency: TDR

chamber inefficiency at £ = 2 X 10% cm™s7!

—

"Region Inefficiency at 2 x 10% cm—2s
M2R1 71 +28%
M2R2 41+1.1%
M2R3 26 04 %
M2R4 1.7 £ 03 %
M3R1 33+1.1%
M3R2 1.2 £ 0.3 %
M3R3 09 +0.1%
M3R4 0.6 £0.1%
M4R1 1.1 £ 03 %
M4R2 1.3 +02%
M4R3 0.9 +£0.2 %
M4R4 0.6 £ 0.1 %
M5R1 1.3 £0.5%
M5R2 14+ 03 %
M5R3 1.2 +£02 %
M5R4 23 +£03%

these projections are based on rates meast

efficiency

1.05

0.95
0.9
0.85
0.8
0.75

on detector in 2012 runs + a detailed modelling

of dead time vs luminosity (validated on high

luminosity special runs)

LNF scientific committee 23/11/15

the chamber inefficiency is convoluted
with MC (Bs—pp events in this case) to get

the MuonID algorithm efficiency at

L =2 %103 cm2s!

ll]lIIIIIIllllllllllll]llllllllllll]

I

MuonID-g @ 2x1033 cm2s1 Vs=14 TeV

—

T T T T T

—

——
i

—A—

%Ta

A

—— - > ¥

— ¥ v v v

:l::q:#ia:._._:—i—

2012 conditions: 4 x 102 cm2 s 1,50 ns, Vs =8 TeV

Upgrade conditions : 2x10% em? 5!, 25 ns, Vs = 14 TeV

Upgrade conditions and DLLM[>—4

IIII|IIIIIIIIIlIIIIlIIIIIIIIIIIIIIIIT

P. de Simone
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20000 40000
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60000
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= 3% loss per single n
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Upgrade PID TDR

@ for the TDR, a considerable effort has been spent in projecting the detector performances to
the Run IIT upgrade scenario £ =2 x 103 cm2s!, pile-up = 7.4, Vs = 14 TeV

_~ 18 - T T T T T T T - = f .
S T ] ¢ [ the same in log scale
= 16 - TDR plOt - £
ot C_ -] < I — 1 2012 1sMuon
-E 14 - ¥ 2012 1sMuon - - !
< 12 e} . - L=2*10"cm %' IsMuon
'8 :V . i S L=2x10"em s IsMuon - = -
= 10 — z - _
- : & L=2*10"cm 3! 1sMuon & DLL, > -4

Z 3 - B L=2x10"m " 1sMuon & DLL,, > 4 - | U wa”
= E ] i
A 6 - - e * ¢ b . .
P A : = . ' ! ?

4 = — [ t *
5 F St . - : 3 <
A& 2F e e - ~ 1

ot ¥ B e e —

0 20000 40000 a)(xx) l”l’_-lAlI--.ll.--lll..KIIA.AII...IIAA..

{0 10000 20000 30000 40000 SO0O0 GOONOD TOOM)
P (MeV/c) P (MeV/c)

@ -MisID probability using data control sample of DY — Kzt
@ results 1s shown as a function of momentum at high luminosity in red compared with the
2012 st-MisID 1n blue: a factor of 2 background increase is observed

today I will report the most recent developments on hadron MisID from the
LNF-LHCb group
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7t-MisID vs pile-up 1n the muon-system mnner regions R1

the main sources of background in the muon-system are two:

correlated  =» muons from decays-in-flight, and punch-through

uncorrelated =¥ accidentals hits

to disentangle the contribution from accidentals, we compute the uncorrelated product of
probabilities of having at least one hit in FOI in each station and we compare it to total t-MisID

1= measured n-MisID - 02E
B R1 n-MisID due to accidental hits —- z:z: R1
0.8 T e =4 o8
r =|=—|J|= r 0.4
0.6 === 06| -'-+ 0.12 10-70 GCV _I_
o - = 0.1
oa 04l - 0.08f —_
r 3-6 Gev Z __ 0.0 __—
oaf. . — 6-10 GeV e e - PV
- - 002 e —+N
USSR 4 A R SO d S S e AL A
nPV nPV nPV

@ the 3 momentum bins correspond to a coincidence of 2,3 and 4 stations =» IsMuon variable

1) accidental background is fully dominating the p-MisID below 10 GeV/c
2) ~1/3 of total above 10 GeV, while the total p-MisID increase with pile-up

to be noted: results obtained IsMuon variable

L. .- . . - T1a Qi o 2Q
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7t-MislD vs pile-up 1n the muon-system regions R2, R3, R4
— 6-10GeV

10-70 GeV
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IsMuon and IsMuon'light

IsMuon =>» collecting all hits in FOI, also from unpaired strips
[sMuonTight =2 collecting only crossed hits in FOI
( crossed hits: both X and Y readout channels fired )

current Muonld procedures are based on IsMuon variable

time spectra for :

. X and Y paired strips  isolated X strips

900 Entries 7580456

w: M2R1

700

S— isolated Y strips

Entries 399095 60000 Entries 590850
Mean  7.793 50000 - Mean 8.4 i Mean  8.901
RMS  3.328 - RMS 4612 RMS  4.148

T

50000 F

600F 40000}
500F- :

£ 30000
400 i

300 20000
200F [
: 10000

100

of

hits from unpaired X or Y strips can be out of time respect to the event bunch crossing

@ we (re)studied the performances of the isMuon'light to understand if an improvement of the
background rejection 1s possible at high luminosity with a reasonable signal loss
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1-&n

ROGs for sts versus us, p < 10GeV/c

muonDLL, Swei

muanDLL. Swei
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R1
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0.5 BDTD w! time and MS, Swei
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1-en

ROGs for sts versus us, p > 10GeV/c
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7i-MisID performances vs luminosity: numbers

measured at

. 3<p<6GeV/c |[6<p<10GeV/c| p>10GeV/c
pile-up ~ 2.3
IsMuon+muDLL, |.0799 £.0007  |.0315 £.0002 | .00666 % .00003
isMuonTight+muDLL | -0469 £.0005  |.0222+.0002 | .00611 .00003
isMuonTight+BDT | .0348 £.0005 |.0173+.0002 | .00567 £ .00003
extrapolated at |5 < 5 Gev/e | 6<p< 10 GeV/e | p> 10 GeV/e
pile-up ~ 7.4
IsMuon+muDLL, | .12 % .01 (1.5) 0484.003£.001 | .0091+.0005+.0011
(1.52) (14)
isMuonTight+muDLL |.088%.008+.008 | .043+.002% .002 | -0076+.0004£.0011
(1.1) (1.37) (11
isMuonTight+BDT | .068+.008+.004 | 030+.002+.003 | -0066+.0004.0009

numbers btw parentheses are the ratios wrt isMuon+muDLL at pile-up~ 2.3, which represent the benchmark values
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