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Outline

Brief introduction on the Charm early measurements, already presented by
Peilian Li during the Charm meeting of the 26th of January

HLT2 selections in place, merged in charm-thor-hlt2-lines branch of Moore

Rate and efficiency studies with MooreAnalysis performed (with and
without UT at the reconstruction level)

First mass distribution plots from signal MC signal and minbias samples,
using DecayTreeTuple and FunTuple

HLT2 efficiency comparison between MooreAnalysis and Moore+DaVinci
chain

First mass fit scripts in place and tested with Run 2 tuples
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https://indico.cern.ch/event/1110074/contributions/4703764/attachments/2379348/4065247/charmWG_report_20220126.pdf
https://gitlab.cern.ch/lhcb/Moore/-/tree/charm-thor-hlt2-lines

Introduction

Why early measurements?

Run 3 data taken with fully new detector and new data acquisition system soon this year

The first data will allow us to understand the detector and data processing pipeline
— Must be understood quickly and comprehensively

Early measurement with physics channel would be efficient way to validate the
performance of our detector and reconstruction

Can provide necessary input for other analyses to begin, or more accurately characterize
the running conditions

Why charm production measurements?

Charm has interesting phenomenology as beauty: oscillations and CP violation (unique
probe into up-quark sector)

Huge production rate at LHCb with clear experimental signature

The cross section will constrain and test the predictions of perturbative QCD, provide
inputs to LHC analyses and operations: e.g. background estimation
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Measuring absolute production rates

Number of charm hadrons H, produced within the detector acceptance
2<y<5b): N=oL

Useful to measure in kinematic bins: pr and y
Select H. with some inefficiencies to be accounted for, ¢

Count H, decaying to specific final states with know branching fractions, B

d 20i(pp — HcX) 1 Ni(H. — f + c.c.)

dprdy " AprAy i 4ot(He — F)B(He — )L
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Measuring absolute production rates

d 20i(pp — H:X) 1 Ni(He — f 4 c.c.)

dprdy T AprAy  iiot(He — F)B(He — )L

Ap7Ay: define a binning

Follow Run 2 binning: 18 bins in 0 < pr < 15 GeV/c & 5 bins in 2.0 < y < 4.5
Extend to higher pr if possible

Ei,tot(Hc — f): evaluate the fraction of produced hadrons passing the whole selection
Signal yields N;(H. — f + c.c.): extract from the selected candidates via fits
L: rely on the measurement from luminosity group

Systematic uncertainties evaluation for all related: PID, Tracking, luminosity, etc.
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Decay modes

* Continue Run 2 measurements: important for detector validation (+cross-check modes)
DD’ 5K nt & K nim n'
D**: D** — D7t with D* - K7t & K n'n 7
D: DY - K atnt & K K'n"
Df: DF = (K"K )gm™ & (KTK Jpon—om "
* Additional meson modes: difficult for EM without UT, but HLT2 lines prepared
D% D° - Klntn~ & KOKT K~
D**: D** — D%t with D — K7t n~ & KOK K~
* Baryon modes: challenges to evaluate the PID and tracking efficiency of proton
A NS — pK— ot

=HEYD: == pK AT (22— pKT KT
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MC samples

Generated with Sim10aUl at /s = 14 TeV (Nu7.6-25ns)
Used for the preliminary study of HLT2 lines and efficiency estimation

Need another rounds of production depends on the updates of simulation and real
data conditions

More statistics needed (few millions to ensure enough statistics in each kinematic bin)

Decay modes Event type | number of events (x103) | Type
D*F — (D% - K—rnT)nt 27163003 200 xdigi
D**t — (D® - K—r—ntat)rt | 27165073 200 xdigi
D**t — (D — K2r—nt)rt 27265100 200 xdigi
D*t — (D% —» KK~ K*)r* 27265101 200 xdigi
Dt — K—rtnt 21263010 200 xdigi
Dt — K- Ktg*t 21263002 200 xdigi
Df — ¢t 23263020 200 xdigi
AN — pTK—nt 25203000 200 xdigi
=05 ptK—K—rnt 26104080 200 xdigi
= 5 ptK— ot 26103090 200 xdigi
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H LT2 seIeCtlonS R. Amalric, A. Giinther, P. Li, F. Oliva, R. O'Neil

Mostly follow the cuts applied in Run 2 [LHCb-ANA-2016-019]
Lines merged in Moore in the branch charm-thor-hlt2-lines

Possible optimization will be checked next

Mode Particles Selections
xE, KT | pr > 250 MeV, p > 2 GeV, x5 <3, x°IP > 16
D% —» K—xt PIDy < 5 for #*, PIDj > 5 for K+
D 1784 < m < 1944 MeV, DOCA < 0.1mm, x2p < 10, cosOg,, > 0.99985, VDx> > 49
ES 2
. 0/p— 4\ 4+ | softw pr(m) > 100 MeV, X7, < 3
D7 = DK™ T)m D** 130 < m(D**) — m(D°) < 160 MeV, x2, < 25
DT - K- ntnt R pr(all3, any2, any1) > 200, 400, 1000 MeV, p > 2 GeV, x5, < 3,
Dt = K~ Ktnt ’ x3p(all3, any2, anyl) > 4,10, 50, PID) < 5 for 7, PIDy > 5 for K+
DT(DF) - K~ KTzt b+ Dt 1789 MeV < m(DT) < 1949 MeV, 1889 MeV < m(DJ) < 2049 MeV
1T X2 < 25, cosBy;, > 0.9994, VDX > 16, 7 > 0.150 ps
<t kT | pr > 200 MeV, p > 2GeV, x2 < 3, x3p > 4, PIDi < 5 for =, PIDx > 5 for KT
0 — o — 4 1784 MeV < m(D7) < 1944 MeV,
DY = Komim ™ po m(hhh) < m(hhbh)max — M(x), m(hh) < m(hbhh)max — 2 * M(w)
X2 < 25, cosOgiry > 0.9998, VDX > 16, T > 0.150 ps

* m(hhhh)max = 1954 MeV, M(7) = 139.57061 MeV
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https://twiki.cern.ch/twiki/pub/LHCbPhysics/CharmCrossSection5TeV/LHCb-ANA-2016-019.pdf

HLT?2 selections (baryons)

R. Amalric, A. Giinther, P. Li, F. Oliva, R. O'Neil
Mostly follow the cuts applied in Run 2 Turbo lines

Possible optimization will be checked after the first commissioning run

X2y and GhostProbry removed, UT not in place at the beginning of the data taking

PID variables are especially under comparison
— Run 2 PID cuts on PIDp-PIDK for proton removed for Al,=F
— PID cuts for =2 loosen with respect to Run2
— Final choice to have the same PID cuts for A}, =+, =0

cr—cr—c

Mode Particles Selections
pT, nE, KT | p>1GeV,x?IP(all3, anyl, any2) > 6, 16,9
ANED) = pk Pr(all3, anyl, any2, sum) > 200, 1000, 400, 3000 MeV, pp > 10 GeV
PID, > 5 for p¥, PID < 5 for =¥, PID)c > 5 for K+
AT 2211 < m < 2362 MeV, X2, < 10, cosOg;, > 1.57, 7 > 0.15 ps
= 2392 < m < 2543 MeV, x5, < 10, cosfgj, > 1.57, 7 > 0.15 ps
=0 & pK— KT pT, nE, KT | p>1GeV,x2IP(all3, anyl, any2) > 4,8, 6
Py (all3, anyl, sum) > 500, 1000, 3000 MeV, pp > 10 GeV
PID, > 5 for pT, PIDK < 5 for m¥, PIDi > 5 for KT
= 2396 < m < 2770 MeV, x2, < 10, cos g, > 0.01
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HLT2 lines & Rate estimation

Ran over 15k old hlt1 filtered minibias sample to estimate the rate
Prescale 1 at the moment as we don't expect an high lumi at the beginning of the data taking
Currently working also on the comparison between the expected signal rate (from theoretical computation) and the rate

extracted with MooreAnalysis, ongoing study using minbias sample to introduce additional cuts to help to reduce the rate

R. Amalric, A. Giinther, P. Li, R. O'Neil

Mode Line name Incl. rate (kHz) Excl. rate (kHz)
DY 5 K wtmn xt HIt2CharmDOToKmPipPipPim_XSecLine 8.81 £0.76 5.61 4 0.60
D — K—xt HIt2CharmDO0ToKmPip_XSecLine 11.55 +0.87 8.94 £+ 0.76
DT - K= Ktrt HIt2CharmDToKmKpPip_XSecLine 4.27 +0.53 1.46 + 0.31
Dt - K ntnt HIt2CharmDToKmPipPip_XSecLine 11.95 40.08 10.28 £0.82
D*t - DY(K~ntrtr)xt HIt2CharmDstpToDOPip_DOToKmPipPipPim_XSecLine 2.07 £0.37 0.0 + 0.0
D*t — DK~ nt)xt HIt2CharmDstpToDOPip_DOToKmPip_XSecLine 2.20 £0.38 0.0 + 0.0
DI — KtTK—xnt HIt2CharmHadDsToKmKpPip_XSecLine 5.27 £0.59 1.46 4+ 0.31
DY — KI(KTK™)pp HIt2CharmHadDOToKKKsDD _XSecLine 0.13 £0.09 0.0 £ 0.0
D% — KO(KYK™ )L, HIt2CharmHadDOToKKKsLL XSecLine 0.07 +0.06 0.07 + 0.0
D° — Ko(xtx " )pp HIt2CharmHadDOToPiPiKsDD_XSecLine 1.00 +0.25 0.80 + 0.23
D° — KO(xt 7 )L HIt2CharmHadDOToPiPiKsLL_XSecLine 1.20 +0.28 0.90 + 0.23
D*t = DOKOKTK~)ppnT | HIt2CharmHadDstToDOPi_DOToKKKsDD _XSecLine 0.07 +0.06 0.0 +£0.0
D*t = DOKOKTK~ )=t HIt2CharmHadDst ToDOPi_DOToKKKsLL XSecLine 0.0 £0.0 0.0 £ 0.0
D*t = DO(Kntn " )pprt HIt2CharmHadDst ToDOPi_D0ToPiPiKsDD_XSecLine 0.13 £0.09 0.0 £ 0.0
D*t — DO(KOntn )t HIt2CharmHadDst ToDOPi_D0OToPiPiKsLL_XSecLine 0.20 £0.11 0.0 0.0
NS — pK— ot HIt2CharmHadLcpToPpKmPip_XSecLine 3.87 £0.50 1.74 £ 0.34
Eé — pK~ K™ wt HIt2CharmHadXicOToPpKmKmPip_XSecLine 0.47 £0.17 0.33 £+ 0.14
= = pk—at HIt2CharmHadXicpToPpKmPip_XSecLine 3.14 £0.45 1.67 + 0.33
DD HIt2DoubleCharmMesonOS _XSecLine 0.27 +£0.13 0.0 £ 0.0
DD HIt2DoubleCharmMesonSS_XSecLine 0.13 +0.09 0.0 £+ 0.0
HLT2 Total: Rate: (43.0 £ 1.7) kHz

Ran with Oct. FEST minibias with (HIt1TrackMVA || HIt1TwoTrackMVA): (41 &+ 4.9) kHz
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HLT1 & HLT2 efficiency

Signal MC sample D° — K~ 7" with MooreAnalysis

Ntriggered

Etriggered|acc,X =
Nacc X
s

A. Giinther, F. Oliva

X= daughters in acceptance (left plot) 4 reconstructible + HLT1 triggered (right plot)
HLT1 triggered by HLT1TrackMVA or HLT1TwoTrackMVA
(pseudo) TOS: MC-matched

g D’ — Kt g D° - Kt
,g e —o— DO_CharmHadDOToKmPip_XSecT g S —+— DO_CharmHadDOToKmPipPipPim
S 007+ 0.00 k] 026+ 0,03
:LE- 08 — EDO ) TwoTrackMVATOS, E 08 | ‘ —— Evo ) TwoTrackMVATOS,
. 0.03+ 0.00 g 048 + 0.03
—— Eo,TrackMVATos ‘ TT % ) TrackMVATOS,
=003+ 0.00 022+ 0,03
0.6 Distibution (AB), 0.6 4 T Distibution (CRCAH),
6179 events T ‘ i 189 events
> o T H | | x# |
02 4# 02 | ++ - [
E s aE #? R |
2000 4000 6000 8000 2000 4000 6000 8000 10000
X (DO)/ MeV pT(DO) / MeV

Study on HLT1 line with low pr carried on by A. Giinther.

HLT1 TwoTrack line for low PT Hadrons added in A. Giinther branch (Merge Request

1751)

Federica Oliva (Edinburgh)
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https://gitlab.cern.ch/lhcb/Allen/-/merge_requests/751
https://gitlab.cern.ch/lhcb/Allen/-/merge_requests/751

HLT1 & HLT2 efficiency sudies

Signal MC samples D — K—7t7n*, D} — K~ K*x" and D° - K—n—ntznt

upper row: €ppr2|acc (overall agree with Run 2)
bottom row: EHLT2|X» X= acc+reconstructible+HLT1 triggered by HLT1TrackMVA or HLT1TwoTrackMVA

A. Giinther, F. Oliva
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HLT1 & HLT2 efficiency studies

Signal MC samples AT — pK— 7t

upper row: eppr2jace (Overall agree with Run 2)
bottom row: €HLT2|X X= acc.+reconstructible+HLT1 triggered by HLT1TrackMVA or HLT1TwoTrackMVA

=0
' =c

A. Giinther, F. Oliva
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HLT1 & HLT2 efficiency studies without UT

Study performed to understand the expected efficiency during the first part of the data taking

without UT (skipped in the reconstruction)
Efficiency reduced of the ~ 15% without UT info

Signal MC samples below: A} — pK—7F, Z¢ — pK= K~ 7% and =f — pK—nt

g, gy g0 BT, 5 R
& S Lo mamumupmppxmpp,x 5 P s GamvaiToKikms 8 =P ieh CrambadKiepTorpKiTpD.
S 124 £=00022 + 0.0002 124 £=00248 + 0.0008
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Tog L Tl Tog £ o00s1 00003 Tog < oorsns 0
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First mass distribution running available MC signal samples
skipping UT at the reconstruction level

First plots produced with DaVinci v54rl using still DecayTreeTuple

Ly [ Entries 2369 T F Entries 9988 < Entries 895
S180F S7o0f =+ K1t S 90
2 b Mean 2288 & [ ¢~ P Mean 2469| 2 Mean 2472
F160F Foob 380
§ £%F LHcb Simulation g
G140~ a & 7oF
£ 5001~
1201~ £ 60F-
100 4001 50|
80 300 40
60 F 30|
E 200~
a0F- E 20
20F 200 10
E il £ s, 3 et L
200 2230 2240 2260 2280 2300 2330 2340 2360 #380 2400 2420 2440 2460 2480 2600 2520 2540 #380 2400 2420 2440 2460 2480 2500 2520 2540
m (p K 1) [MeV/c’] m (p K 1) [MeV/c?] m (p K K 1) [MeV/c]

FunTuple also used, plots will be shown later for minbias
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HLT?2 efficiency comparison
MooreAnalysis (MA) & Moore+DV (M+DV) chain

First test with Baryon lines, HLT2 efficiency considered for MooreAnalysis over
the entire number of generated events.

A — pK— T

# MC events from Dirac Portal: MD 201046, MU 204027, Tot 405073
# tot events Truth Matching only Al = 2369

emspv = 0.0058, epq = 0.0054

=0 pK— K=t
# MC events from Dirac Portal: MD 201707, MU 202955, Tot 404662

# tot events Truth Matching only Eg = 895
em+pv = 0.0022, epa = 0.0022

=F - pK—nt
# MC events from Dirac Portal: MD 200351, MU 200948, Tot 401299

# tot events Truth Matching only =f = 9988
em+py = 0.025, epa = 0.0248
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First reconstruction efficiency studies from MC signal samples

Reconstruction efficiency ratio without UT extracted by R. Almalric for
D**: D*T — D%(— K2nm) n extracted for Ks(LL) (left) and Ks(DD)
(right) (slides)

Ratio DD/ LL different from the Run 2

Lower reconstruction efficiency of downstream tracks to be further
investigate in the future

N FTT [T T T T[T TTT[TTTT]T1Y & T
=80 Entries:354 - = 80 - ntries:53 =
E - DO TruthID Enres307 2 3 | D TruthID Entries:443

-_ _- v=) [
B 60 |- = X 60 F
o - - - :
Za i (O =
& F 1 2 E
: E 1 = E
5 20 — — E] 20 |
g - 1 & C
@]

0 0
1800 1850 1900 1950 1800 1850 1900 1950
DY mass [MeV/ ¢?] D mass [MeV/ ¢2]
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https://indico.cern.ch/event/1112722/contributions/4677172/subcontributions/361557/attachments/2391524/4088339/CPEM_15_02_2022.pdf

First mass distribution running minbias with high stats skipping
UT at the reconstruction level
24 M events available for MagDown only (minbias with the highest statistics available)

BK path: /MC/Upgrade/30000000/Beam7000GeV-Upgrade-MagDown-Nu7.6-25ns-
Pythia8/Sim10aU1/DIGI

First plots produced for baryons (Af — pK~ 7" below) and mesons (next slide).

Envies 200
LHCb Simulation Mean  2288|

Truth Matched

E LHCb Simulation

Events/[MeV/c’]
8

Events/[MeV/c’]

5 B RN

20

N

[/ A L A R A R MM AR A LA

10

i | 1 i | L i i [N | T |
2300 2220 2240 2260 2280 2300 2320 2340 2360 200 2220 2240 2260 2280 2300 2320 2340 2360
m (p K ) [MeVic’] m (p K ) [MeVic’]

Higher background with respect Run2 expected, due to the higher luminosity

Ongoing studies to choose offline cuts to reduce background, looking at the purity of
the signal
Federica Oliva (Edinburgh) CharmXsecEM



First mass distribution running minbias with high stats skipping
UT at the reconstruction level

Working FunTuple code used, developed and tested by A. Giinther

£ 4000 Frrrr 5 T T T T T T T
< 2
= LHCb  giadion = Comb. Bkg. Z7000F LI Simulation = Comb. Bkg. [ WECR oy waion 1
235008 [ s - D= Kt - D Kt
B
5 3000 {1 2 L ]
2 2
& &
b 6000
1500
000 do00p 1
I
2000 =
0

775 1800 1825 1850 1875 1900 1925 1950
m(K"7) [MeV/e’]

6000 8000 5 6
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- T T T T s T T = T T T T

N LHCD  gutation N Comb. Bkg, = SN Comb. Bkg 3 LHCD  guaion! BN Comb. Bkg.

Zuooof -0 kwr | 2 Da K 1 S3000F Do K g

= g H

g g 1 Zaswof B

H H

2 & E| 20000 B

15000 F B

E 10000 1
E 5000 F E

1825 1850 1875 1900 1925 1950
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6000 8000 s 6
pr(D*) [MeV/e] (DY) [au]
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Signal extraction
A. Burke

Separate signal and combination background with a mass fit
Separate prompt and secondary signal with a In x%p fit
First version of mass fit scripts are ready, tested with Run 2 tuples

Background for some of the modes might be more tricky

x103 .
& D N
2150 L Fit [ LHCb 4 S
200 S e Vs=13TeV 8
= ig. + Sec. 3 150
= [] Comb. bkg. 5
5100 5
8 r Q
3 100
2
9}
50
50
0

19‘00 -5 0 - 5 10
(K1) [MeV /c?] In(23)

?800 ) 18I50

*plots taken from Run 2 measurements as illustration
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2015-041.html

Plans

Study of additional offline cuts to reduce the background
Add HLT2 or offline monitor: e.g. mass distributions

Evaluation of the selection efficiencies

HLT1 & HLT?2 efficiency with and without UT in progress
Tracking (R. Caspary): well-prepared TrackCalib, study of the hadronic interactions
PID (E. Ejopu): just starts, check the PID calibration status for Run 3

Signal yields extraction

Determine fit models for each decay mode
Careful study of background for some of decay modes required

Systematic uncertainties: PID, Tracking, luminosity

Prepare analysis snakemake pipeline and documentation

Federica Oliva (Edinburgh) CharmXsecEM



Summary

Preparation for data taking of Run 3 is in progress, regular meetings with proponents
Repository created with snakemake skeleton implemented for analysis
HLT2 lines merged in charm-thor-hlt2-lines branch of Moore

Study of HLT1 and HLT?2 efficiency performed with and without UT at the
reconstruction level

HLT?2 efficiency with MooreAnalysis and Moore+DaVinci chain in agreement

Working Funtuple code and first ntuples produced both for MC signal and minbias (with
DecayTreeTuple and Funtuple), stored in the EM Charm WG area

First version of mass fit scripts is ready and tested with Run 2 tuples

Ongoing tests on additional cuts to help to reduce the overall rate

Many pieces of work just start: PID, tracking efficiency, documentation...
Luminosity would largely rely on the measurement of luminosity working group

Theoretical prediction for charm meson cross sections can be provided by theorists

Federica Oliva (Edinburgh)


https://gitlab.cern.ch/lhcb-charm/charm-production-run-3/-/tree/master/
https://gitlab.cern.ch/lhcb/Moore/-/tree/charm-thor-hlt2-lines

Thanks for your attention!

*Referred several previous talks(29-07-2019, 18-05-2020, 14-12-2020) given by Alex Pearce.


https://indico.cern.ch/event/831512/contributions/3494451/attachments/1887502/3111944/2019-07-29-apearce-EMTF-experience.pdf
https://indico.cern.ch/event/840436/contributions/3856875/attachments/2040427/3417105/2020-05-18-apearce-emtf-charm-cross-section-plans.pdf
https://indico.cern.ch/event/984818/contributions/4147814/attachments/2162365/3648767/2020-12-14-apearce-charm-production-measurements.pdf

Back up: Branching fractions

Branching fractions from PDG

Channels Branching fractions
DY — K—nt (3.950 £ 0.031)%
D° - K—rtatn (8.23+£0.14)%

Dt — K-ntnt (9.38 +£0.16)%

DY - KTK—nt (9.68 £0.18) x 10~3
Dt — ¢(— K*K~ )+ | (5.7040.14) x 1073
Df — KtK—nt (5.39 4 0.15)%

AF — pK—7T (6.28 +£0.32)%
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