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The LHCb detector for fixed target collisions ZINET 3 (2008) 508005,

[IOMPA 30 (2015)1530022]
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://arxiv.org/abs/1412.6352
https://indico.bnl.gov/event/9726/contributions/45642/

The SMOGZ2 gas storage cell

e Together with major hardware interventions, an unpolarised gas cell has been installed in 2020 next to the VELO

e Can be filled with H,, D,, He, N,, O,, Ne, Ar, Kr, Xe

e Negligible impact on the beam lifetime
~ 2000 days with hydrogen)

(Tbeam— gas

e SMOGZ2 boosts the LHCb fixed-target programme for the Run 3 of LHC (starting next year)
e Will set the basis for the development of a polarized gas target (PGT), that we aim to install during LS3 (2025-2027)

e | HCspin to take data from Run 4 —> [The LHCspin project]
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https://cds.cern.ch/record/2673690/
https://arxiv.org/abs/1901.08002

An excellent starting point

e A trigger for simultaneous p-p (/s = 14 TeV)
and p-gas (/s = 115 GeV) data-taking is already
in place for SMOGZ2

e 1 —3%throughput decrease when adding p-gas
to the LHCb event reconstruction sequence

e | HCb is the only experiment able to run in

collider- and fixed-target mode simultaneously!

kinematics of fixed target collisions:

Vs =,/2myE, = 115 GeV

=3.0<yeus <0 = 2=y <5

0.9-/TeV

AA collisions, 2.76 TeV beam:

sy = 712 GeV

2.76 TeV Yems =0 = Vg = 4.3
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pp/pA collisions, 7 TeV beam:
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/f/p/LHCb-FIGURE-2019-007.html

A lot of possiblilities!

e Bring (un) polarised physics at the LHC for the first time exploiting one of the most advanced particle detector

e Unique obserables:

’ - 8.16 TeV pPb Other Collision Systems

| - LHCh 0 LHC 110 GeV
10° g ATLAS/CMS B HERA
0 ALICE

10° XY ALICE Muon

e Large x content of g, 7 and heavy quarks in
nucleons and nuclei

e Spin distributions of gluons inside unpolarised
and polarised nucleons

e Heavy lon FT collisions at an energy in between

g ; SPS and RHIC (at large rapidities)
9‘ [
108 e Unique features:
&> 10°)
102:_ 477« proad and unexplored kinematic range
e high luminosity, high resolution detectors
101;_ e proton and heavy ions beams
_ e |large variety of gas targets:
10 10°  _10%  10° 10z 10t 1o H,, D,, He,N,, 0,, Ne, Ar, Kr, Xe

x e polarised targets: H',D'

e A selection of physics cases from LHCspin is shown in the following
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Physics case #1: PDFs
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https://arxiv.org/abs/1807.00603
https://arxiv.org/abs/1808.06127
https://arxiv.org/abs/1611.03815
https://www.annualreviews.org/doi/10.1146/annurev.nucl.012809.104544
https://indico.bnl.gov/event/9726/contributions/46570/
https://arxiv.org/abs/hep-ph/0701220

Physics case #2: hadron structure
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https://arxiv.org/abs/1807.00603

Physics case #2: hadron structure

e Heavy Flavours mainly produced in via gg at LHC:

g c,b
g
g c.b
J/¥Y
\P/
Y

e | HCb can reconstruct large sample of quarkonia
states with high resolution

¢ ;77 ﬂc? 776.(25), )(C,b y J/l//, Y(nS), D, B . o

e poorly accessible from other hadron-hadron
experiments

DIS 2021

e Probe GPDs via UPC e.g. via DVCS or exclusive J/y
production (gluon GPDs)

e Quantify gluon OAM via, e.g., the Ji Sum Rule

[PRD 85 (2012) 051502] [PRL 78 (1997) 610-613]

e Build a 3D picture of the proton in the IP space

[The 2015 Long Range Plan for Nuclear Science]

Marco Santimaria
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https://www.osti.gov/biblio/1296778-reaching-horizon-long-range-plan-nuclear-science
https://arxiv.org/abs/1112.1334
https://arxiv.org/abs/1112.1334

Physics case #3: heavy 1ons

QGP: complement the RHIC BES in the

LHC . o
@5.02 TeV | transition region via y scan [PRC 98 (2018) 034905]
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[IJMPA 28 (2013) 1340012]

e Ultra-relativistic collisions of heavy nuclei on T polarised
deuterons to probe the dynamics of small systems

e Deformation of D' is reflected in the orientation of the
created fireball in the transverse plane
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https://arxiv.org/abs/1906.09045
https://arxiv.org/abs/1302.2180
https://arxiv.org/abs/1806.01303

LHCspin setup
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Breit—Rabi Polarimeter (BRP)
— measures nuclear polarization
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[NIMA 540 (2005) 68-101]

e The HERMES PGT

e Start from the well established HERMES
setup...

e ... to create the next generation of fixed
target polarisation techniques!
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https://arxiv.org/abs/physics/0408137

Cell and magnet R&D

e Same position of the SMOGZ2 cell e Compact SC dipole magnet
(30 x 1 cm ), slightly larger volume — static transverse field
e |nject both polarised and e B=2300mT

unpolarised gas e polarity inversion

e AB/B~10%
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ABS and BRP R&D

ABS & BRP IN VERTICAL LAYOUT - SIDE VIEW
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Atomic Beam Source
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Breit-Rabi polarimeter
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e Reduce the size of both ABS and BRP to fit into
the available space in the LHCb cavern

e A challenging R&D!

Injected intensity of H-atoms:
6.5 x 1016 =1

Achievable Luminosity (HL-LHC):

~ 8% 10°2 cm2s~!
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Conclusions
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spin

The fixed target program at LHCb is active since Run 2, now greatly
enriched with the SMOGZ2 cell for Run 3

LHCspin: a step forward to bring spin-physics measurements for the first
time at LHC, exploiting the well-suited LHCb detector

The R&D calls for new generation of polarised gas targets: challenging
but worth the effort!

Extensive physics program, with new probes, and complementary to
existing facilities and the future EIC
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