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The LHCb detector
Latest QCD analyses

= Measurement of prompt charged particles production at

\/E = 13 TeV

-  Measurement of bb- and cc-dijet differential cross-sections in
the forward region of pp collisions at \/E = 13 TeV

-  Study of Z bosons produced in association with charm in the
forward region

—— »

-  Evidence for modification of b quark hadronization in high-
multiplicity pp collisions at/s = 13 TeV

—

=  Nuclear modification factor of neutral pions in the forward and
backward regions of pPb collisions

Conclusions
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The LHCb detector

e LHCbis aforward spectrometer originally designed to study b- and c-hadron physics

e Unique phase space region (2 < n < 5) complementary to ATLAS & CMS LHCh  —
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e EXxcellent track momentum resolution: 04% at 5 GeV to 1.0% at 200 GeV — muon sy stem
e Impact Parameter resolution ;p = (15 + 29/py) um, lifetime resolution of 6, = 0.2 ps e— ECAL

tracking
lumi counters

e Muon ID efficiency: 97% with 1-3% u — 7 misidentification

e Electron ID efficiency: 90% with 5% i — e misidentification
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The LHCDb detector and QCD

LHC 13 TeV Kinematics
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e Parton Distribution Functions (PDFs) are a fundamental input for
LHC experiments
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e Must be determined from experiments!

LI A

e LHCDb allows to test perturbative QCD (pQCD) predictions in a
phase space (2 < n < 5) complementary to other experiments

L I B B A

e PDFs and proton structure can be studied in two different
Kinematic regions:
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Prompt-charged particles production

e Soft QCD processes description is based of phenomenological models

prompt long-lived

e Model parameters determination relies on experiments at particle accelerators
e Promptlong-lived charged particles are a suitable proxy for light hadrons production

e Inthis analysis a double-differential cross section measurement is performed

NE[2.0,2.5) LHCDb — her2.5,3.0) LHCD — he13.0,3.5) LACD o \/; = 13 TeV data from 2015 (¥ = 5.4 nb™!)
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Prompt-charged particles production

LHCb LHCb LHCDb
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bb- and cc-dijet differential cross-sections

e The mainideaisto study the inclusive decay of high mass resonances in bb and CC jet pairs
1g
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0.8 E_ b-jets . .

e Itis possible to study lower invariant masses w.rt. ATLAS & CMS
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e QCD background has an important role in this analysis = o4F. 'ghtjets R
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5000 cqrgc 3000 cqrgc e Fitto combination of two MVA discriminators (BDTs) 7, and ¢, to
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bb- and cc-dijet differential cross-sections

e Differential cross sections are measured and

. . . . r—ﬁ 10) L A R S S S S S S B S B S S — le T ]
compared with simulations from Pythia and § LHCb =13 Tev ] 9 LHCb Vs=13 TeV
et pp —» bb-dijet data - = et pp —> bb-dijet data
aM C@N LO 8 —t— pp — cT-dijet data ] L 10 e pp — cT-dijet data
= 10 pp — bh-dijet aMC@NLO = Q pp — bh-dijet aMC@NLO
_ o _ _ = pp — co-dijet aMC@NLO 3 % o] pp — ce-dijet aMC@NLO
e Results are computed for different di-jets kinematic - P — = pp > bbdjePythias ] = B — — pp — bb-dijet Pythia 8
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e The cross section ratios R = 0;;/0,.- are also x — x T
. . . . —4— LHCb data 13 TeV 35 —— LHCbdata 13 TeV
computed as functions of kinematic variables \ AMC@NLO AMC@NLO
— — Pythia 8 3 — — Pythia §

e Results are compatible with expectations

e Thisis the firstinclusive, direct measurement
of cc differential cross section at a hadron
collider
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e A similar approach will include high mass
resonances (such as the Higgs boson) decaying to
bb and cc di-jets
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Z+c-jet production exuinsic

e Proton charm content can be:

e extrinsic, produced by gluon splitting g — ¢c P

e intrinsic (IC), a | uudcc > component bound to valence quarks intrinsic ¢

e The existence of an IC component would affect many processes studied at LHC

e Sofar, IC component in the proton has not been excluded “S0.04F  Central Region < = Forward Region =
ﬁ m n| < 2.4 2 < n(p) < 4.5 .
. . . . pr(p) > 25 GeV pr(p) > 20GeV —
e Particularly, an IC component would manifest itself for x > 0.1 S 0.12 pr(5) > 30 GeV 2.2 < n(j) < 4.2 ]
/ 01 p1(J) > 20GeV ]
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NQ’ 103§ 10° - ‘
i ; , 10
102E l’» / ,’,
P x / 102
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10“: 10° . . . . . ., .
; e TheZ + c-jet production in the forward region is sensitive to the high x

R . and high O intrinsic charm component — feasible at LHChb!
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Z+c-jet production

e The13 TeV dataset is used, for a total integrated luminosity of 6 fo~!
(Run Il condition), requiring a Z — uu with at least one jet

e Heavy flavour jets are tagged with a Displaced Vertex (DV) technique

(DV) = \/ m(DV)2 + [p(DV)sin 012 + p(DV)sin 0

e The corrected DV-mass m. . (DV) and the number of tracks in the DV Heor
are fitted to obtain the flavour components > T T T T T T 13 a0 .
G 120F H LHCh 1 =
— Ol L — 100[ 6fh! _%1000
> stat 1 2 F y<i0Gew ] Z
N : LHC}) = S : \ <0 F- 20 < pr(y) < 100 GeV E 5 00
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A~ _ . - — Fit -
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0.04— - ‘ 2 4 6 8 10 2 3 4
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0.00f e PDF4LHC15 No IC s - e Hint of the intrinsic charm component in the high rapidity interval
V<[ m NNPDF 3.0-IC allowed N (3.5 < y(Z) < 4.5)
: A CT14 4 BIIPS (z)1c = 1% :
02 —t '2'5' — é o 13'5' - 4'1 ——zs ° No-IC hypothesis inconsistent at ~ 3¢
Y(Z) e Resultis statistically imited — more data is needed!
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Modification of b quark hadronization

~ LI B L L LR R B BN R B RN LB LR
. . . . Na) -
e Measurements of B mesons at colliders offer unique probes of the hadronization & 0 04E 1 HCh pp ﬁl= 13 TeV
. . . D g 5.4 fb
process by which single quarks evolve into color-neutral hadrons % ﬂ, "
5 0 0.3;3 E:J #  B"event VELO tracks
e Theratiof,/f,has a dependence on the collision center-of-mass energy andon = + & event back tracks

¢

0
¢ NoBias VELO tracks
¢  NoBias back tracks

the B meson py 0.02
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e Different hadronization mechanisms can occur (e.g. “quark coalescence”), not 0.0]
just fragmentation
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e LHCb results are compared with cross sections ratios measured at e e~ collisions
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e This behaviors is expected in a scenario where low-p1 b
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quarks recombine with s quarks produced in high-

multiplicity collisions

e Measurements are qualitatively consistent with quark

coalescence as and additional hadronization mechanism
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Modification of b quark hadronization

e The measurement is performed with respect to multiplicity and transverse momentum pr

Good agreement with data is found at low multiplicity

For high multiplicity, BS mesons productions is enhanced
relative to BY mesons

No significant dependence is observed in the backward region
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Nuclear modification factor of neutral pions

e Neutral pion production is an important probe of nuclear effects in heavy ion collisions

e Inproton-lead (pPb) collisions, 7V production is particularly sensitive to cold nuclear matter (CNM) effects on the initial state of
the bound nucleons in the colliding nucleus

o This analysis measures the nuclear modification factor of 7° meson production in pPb collisions at , /sy = 8.16 TeV

R,p, = 1 doypy/dpr . _ <t
A dapp/de ; 'LHChH pPb, /sny = 8.16 TeV
= 4f 20 <nem < 3.0 ]
e Measurements of 7" production in pPb collisions at forward and backward g (\ 2.0 < pr(7V) < 2.2 GeV |
rapidities with the LHCb detector can provide constraints on nuclear PDFs é al + i ?;ta
e Typical x between 10~%and 10! ’S | | — éi)(nlllll)
o
ol

e The measurementis performed for

e 15<p:<10GeV
e 25 <nepm<35and—-4.0 <y < —3.0

o Atleast1trackin VELO and 7 reconstructed as pairs of photons o e T |
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Nuclear modification factor of neutral pions

e The main systematic error comes from the interpolation
between pp cross-sections and the 7" fit model

e TJotaluncertainty:1.4 % - 91%

e Thebackward measurement shows the first evidence of
enhanced 7" production in proton-ion collisions at LHC

e Enhanced production for backward rapidities for
2 <pr<4GeV

e Results are compatible with charged-particle nuclear
modification factor at | /s\ny = 5 TeV

e |Lower enhancement for backward rapidities

e Studies of proton and heavier unflavored mesons
could help in finding an explanation!
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Conclusions

e LHCb can be considered as a General Purpose Forward
Detector

e Not only flavour physics, QCD and pQCD are tested in a
region complementary to ATLAS and CMS

e Interesting environment to test PDFs and proton structure

e A lotofinteresting results (these are just the latest!!)

e Checks on light hadron production using prompt-charged
particles production

e Measurement of differential heavy flavour di-jets cross
sections

e Intrinsic charm component in proton content at high
rapidities using Z + c—jet events

Waiting for the next run(s) to
e Possible different hadronization process in b quark come, stay tuned!
production

e Study of nuclear modification factor for 7!
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Questions?

Thank you for your attention!



