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The LHCb experiment

e Single-arm spectrometer originally devoted to heavy flavour physics, now a general
purpose experiment covering N € [2, 5] (QCD, SM, heavy ion and fixed-target)

JINST 3 08005 (2008)

y ? JIMPA 30 1530022 (2015)

Nominal Interaction
Point (IP, z=0)

oEGAL AL s " e Complementary wrt other LHC experiments
'\ e Tracking system: VErtex LOcator + tracking

stations and a dipole magnet

o 0.5-1% p resolution for p < 300 GeV/c

\\ o 10-80 um IP resolution

“= e Particle identification (PID): Two Cherenkov
detectors (RICH) + calorimeters and muon

e Flexible and versatile trigger

JINST 8 04022 (2013)
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://iopscience.iop.org/article/10.1088/1748-0221/8/04/P04022
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The SMOG system

JINST 9 (2014) 12005

N |

® From 2011, LHCb System for Measuring Overlap with Gas (SMOG)
o LHC beam collisions with the small quantity of injected gas
(10”7 mbar) used to reconstruct the beams transverse profiles

| e Forward detector + gas target = highest-energy fixed-target ever!

LHCb IP
e HELEEAET ¢ Sveral pA and PbA fixed-target samples collected
ol e e Unique energy scale: ,/sxx € [68.5,110] GeV
L i ® Access to the high-x and intermediate Q? kinematic

pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe

2015

region, mostly unexplored by previous experiments

—p Unique experimental inputs to models
| 2016 | 2017 | 2018
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http://cds.cern.ch/record/2649878
https://iopscience.iop.org/article/10.1088/1748-0221/9/12/P12005

Today’s menu

/sny = 110 GeV © — €  LHCb-PAPER-2022-006: Detached antiprotons in pHe
P He  arXiv:2205.09009

/3NN = 68.5 GeV ©¢ — & LHCb-PAPEB-2022-014: Charmonium production in pNe
p Ne  (In preparation)

’ LHCb-PAPER-2022-011: J/ ¢ production in PbNe
VNN = 68.5 GeV @ ® (In preparation)
Pb

Ne
| (first result for this collision system!)

ED: Hot of the press results from the commissioning of the upgraded system

... and other results already in the pipeline...
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https://arxiv.org/abs/2205.09009
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Antiprotons from antihyperon in pHe ()

Candidates per 0.34 MeV/c?

Interpretation of p flux in CRs (indirect DM searches) limited by models of its production in

CRs collisions with the interstellar medium (H, He)

PRL 121 (2018) 222001

Addressing antihyperon decays, after a first result for prompt production on the same data

U(pHC — AX — ﬁ?T"‘X) (this paper)

o(pHe - HX —pX) =
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= H — — e
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-031.html
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-031.html
https://arxiv.org/abs/2205.09009
https://arxiv.org/abs/2205.09009

p prompt

o(pHe — AX — prt X)

o(pHe—

R/T =
ppromth)
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Antiprotons from antihyperon in pHe (ll)

e Models largely underestimate the
anti-hyperon contributions to the total p yield

e Mutual consistency between the two
approaches proved by the agreement of their
ratio with EPOS-LHC (predicted more reliably)
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Becattini et al, EPJC 66, 377-386 (2010)
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https://arxiv.org/abs/2205.09009
https://arxiv.org/abs/2205.09009
https://arxiv.org/abs/2205.09009
https://link.springer.com/article/10.1140/epjc/s10052-010-1265-y
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C h a rm i n pN e/P b N e LHCb-PAPER-2022-014, in preparation

1073 107° 10~1 100

Sequential suppression - screening

Suppression
gap

v

Suppression gap

Energy density

Charmonia production is an excellent probe for Cold Nuclear
Matter effects (PDF nuclear modification, nuclear
absorption, multiple scatterings...)

LHCb fixed-target acceptance sensitive to a possible nucleon
intrinsic charm content

® Heavy charmonia states also probe the color screening

mechanism in QGP via the sequential suppression
PRL 123 239901 (2019)

e LHCb-SMOG unique energy scale measurements: J/y and
D? production in pHe (110 GeV) and pAr (68 GeV) in 2019,
new result with the pNe SMOG highest-statistic sample
(68.5 GeV)
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https://arxiv.org/pdf/hep-ph/0701220.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132002

Charmonia in pNe

LHCb-PAPER-2022-014, in preparation
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Good agreement with
prediction without and with
1% IC, underpredicted by
HELAC-ONIA

Full phase-space result
agrees with previous
experiments

W(2s)/y ratio result compatible with previous measurements,

but analysis is statistically limited

—p Motivation to upgrade our
fixed-target programme!
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C h a rm i n P b N e LHCb-PAPER-2022-011, in preparation
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https://cds.cern.ch/record/2789548/files/document.pdf
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= The LHCb upgrade

Full software trigger New tracking systems: New electronics for. calorimeter
® Remove LO hardware triggers 4 Silicon upstream tracker (UT) and muon chambers™\

/ Scmtzllatm s tracking fiber (SciFi)
® Read out full detector at 40MHz / § gf (
® pp requirements: 40MHz collision /' / Side View 5 HCAL

rate, pile-up factor ~5 ECA

Ma M5\ N\

SciFi ~ RICH2 M

Tracker |

New Pixel VELO-v"

SMOG2

Fixed-target Vertex Uiy

Locator

system upgrade

New RICH optics and photodetectors
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SMOG2 in a nutshell | HebTDR020

® SMOG2: gas confinement in a cell upstream of the LHCb
IP (z € [-500, -300] mm)
o Up to x100 pressure wrt SMOG for the same gas flow
o Simultaneous beam-beam beam-gas data-taking
o Heavy noble (Kr, Xe) and non-noble gases (Hz, Dz, O,
N: ... ) can be injected

® New Gas Feed System

o Precise flow control — direct lumi measurement
o More gas recipients — switch with no intervention

|:> A unique laboratory for QCD @ LHC!

SMOG VErtex LOcator sensors
i

ENERRIRREGENRNENEINEE i i I

~ 10 mbaron+/-20m |

swoaa || [LLELLLRAEEELLS |k

s
upto~ 10 ‘mbaron 20 cm
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https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf
http://cds.cern.ch/record/2673690/files/?docname=LHCB-TDR-020&version=all
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SMOG2 physics opportunities

LHCb-PUB-2018-015

SMOG SMOG?2

largest sample example . . . ..
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https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf
https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf?subformat=pdfa&version=1
https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf
https://cds.cern.ch/record/2804589/files/LHCb-FIGURE-2022-002.pdf
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Hot of the press...

® Gas (Ne) injection in LHC restarted to ease the early commissioning of the detector
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Conclusions (l)

European Strate 30 September 2019

[Ref] . 3 ) Physics Briefing Book CERN-ESU-004
gy,

Input for the Exropean Strategy for Particle Phvsics Update 2020

The multi-TeV LHC proton- and ion-beams allow for the most energetic fixed-target (LHC-FT)
experiments ever performed opening the way for unique studies of the nucleon and nuclear
structure at high x, of the spin content of the nucleon and of the nuclear-matter phases from a
new rapidity viewpoint at seldom explored energies [ 117, 118].

On the high-x frontier, the high-x gluon, antiquark and heavy-quark content (e.g. charm)
of the nucleon and nucleus is poorly known (especially the gluon PDF for x = 0.5). In the case
of nuclei, the gluon EMC effect should be measured to understand that of the quarks. Such
LHC-FT studies have strong connections to high-energy neutrino and cosmic-ray physics.
—  The physics reach of the LHC complex can greatly be extended at a very limited cost with the
addition of an ambitious and long term LHC-FT research program. The efforts of the existing
LHC experiments to implement such a programme, including specific R&D actions on the
collider, deserve support.
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https://arxiv.org/pdf/1910.11775.pdf
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COnCIUSionS (II) LHCb-PUB-2018-015

Since 2015, LHCb is acting as the highest energy ever fixed-target experiment by injecting
in the LHC accelerator small quantities of noble gases
Performed measurements in different collision systems and for many fields of interest:
o Detached-to-prompt antiproton production in pHe, showing a large underestimation
of all theoretical models for the antihyperon decay contributions
o Charm production in pNe and PbNe, giving useful insights to the charm production
mechanisms
The ongoing upgrade of the fixed-target programme, with the increase of the gas target
areal density and the injectable gas species, will improve the accuracy and will extend all
of these measurements... stay tuned!

Thanks for your attention!

Want to follow up? saverio.mariani@cern.ch
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https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf
https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf?subformat=pdfa&version=1

