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Merging 3 worlds for the first time

LHC

One of the most 
advanced detectors


(LHCb)

Fixed Targets

(unpol+pol)
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This results as a laboratory for QCD

Fixed Targets

(unpol+pol)

Merging 3 worlds for the first time



Kinematics on fixed target
pp or pA collisions: up to 7 TeV beam on fix target

s = 2mNEp = 115 GeV

−3.0 ≤ yCMS ≤ 0 → 2 ≤ ylab ≤ 50.45 - 7 TeV

sNN ≃ 72 GeV

yCMS = 0 → ylab = 4.3

AA collisions: 2.76 TeV beam on fix target

between SPS & RHIC
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2.76 TeV
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Unique kinematical region

2.76 TeV
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At the LHC fixed target pp, pp , pA, Pb-p, 
Pb-p  or Pb-A collisions, one has unique 

kinematic conditions at the poorly 
explored energy of √s ~ 100 GeV, up to 

large x

↑
↑



LHCb, a single-arm forward spectrometer perfectly suited for fixed target collisions

LHC beam

2 < η < 5Forward acceptance:
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JINST	3	(2008)	S08005		
IJMPA	30	(2015)	1530022

Tracking	system	momentum	resolution	
Δp/p	=	0.5%–1.0%	(5	GeV/c	–	100	GeV/c)

LHCb upgrade LS2 
Collision rate at 40 MHz 
Pile-up factor μ ≈ 5 
Remove L0 triggers (software trigger)  
Read out the full detector at 40 MHz 
Replace the entire tracking system

LHCb is the only experiment able to run both in collider 
and in fixed-target mode … simultaneously!

pp
p-gas

VELO



Simultaneous run for p-gas @ 115 GeV and pp @ 14 TeV

Saverio Mariani 
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Velo tracking performance

7SMOG2 reconstruction performance

● Velo clustering and tracking performed with a fully-vectorized algorithm. 
● No tunings required to also include tracks coming from SMOG2 region.

● Preliminary results obtained with reconstruction in Brunel confirmed in Moore.
● Same performance for the pp and the pHe components.

(see e.g. LHCb-FIGURE-2019-007 )  

beam-target	
interaction	region	 beam-beam	

interaction	region	

VELO track efficiency 

The two systems don’t interfere each other and the reconstruction efficiencies stay unchanged 

The DAQ data flow increases of 1-3% only

LHCb-FIGURE-2019-007



Why
-Advance our understanding of the large-x gluon, antiquark and heavy quark 

content in nucleons and nuclei  

-Advance our understanding of the dynamics and spin distributions of gluons inside 

(un)polarised nucleons 

-Access relevant measurements for astroparticle (DM, CR) 

-Study heavy-ion collisions between SPS and RHIC energies at large rapidities 

8



Why
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Unique and large kinematic coverage 

High luminosity and high resolution detectors        rare probes 

Proton or Heavy-Ion Beam (Pb, O2) 

Large variety of atomic gas targets:  

Polarised targets: 

Marginal impact on LHC beam and mainstream physics at current experiments  

H2, D2, He, N2, O2, Ne, Ar, Kr, Xe

H↑, D↑

(beam lifetime reduction for H: 1/elifetime > 2000 days)

-Advance our understanding of the large-x gluon, antiquark and heavy quark 

content in nucleons and nuclei  

-Advance our understanding of the dynamics and spin distributions of gluons inside 

(un)polarised nucleons 

-Access relevant measurements for astroparticle (DM, CR) 

-Study heavy-ion collisions between SPS and RHIC energies at large rapidities 



1 Asssumed gas flows for storage cell targets

at the LHC (case study)

Storage cell gas gas flow peak density areal density time per year int. lum.
assumptions type (s�1) (cm�3) (cm�2) (s) (pb�1)

SMOG2 SC

He 1.1⇥ 1016 1012 1013 3⇥ 103 0.1
Ne 3.4⇥ 1015 1012 1013 3⇥ 103 0.1
Ar 2.4⇥ 1015 1012 1013 2.5⇥ 106 80
Kr 8.5⇥ 1014 5⇥ 1011 5⇥ 1012 1.7⇥ 106 25
Xe 6.8⇥ 1014 5⇥ 1011 5⇥ 1012 1.7⇥ 106 25
H2 1.1⇥ 1016 1012 1013 5⇥ 106 150
D2 7.8⇥ 1015 1012 1013 3⇥ 105 10
O2 2.7⇥ 1015 1012 1013 3⇥ 103 0.1
N2 3.4⇥ 1015 1012 1013 3⇥ 103 0.1

PGT SC

Ne 1.2⇥ 1016 6.7⇥ 1012 1014 1⇥ 106 250
Ar 8.5⇥ 1015 6.7⇥ 1012 1014 1⇥ 106 250
Kr 2.9⇥ 1015 3.3⇥ 1012 5⇥ 1013 1⇥ 106 125
Xe 2.3⇥ 1015 3.3⇥ 1012 5⇥ 1013 1⇥ 106 125
~H 6.5⇥ 1016 8.1⇥ 1012 1.2⇥ 1014 5⇥ 106 1500
~D 5.8⇥ 1016 10.2⇥ 1012 1.5⇥ 1014 2⇥ 106 750
3 ~He 1.0⇥ 1016 2.1⇥ 1012 3.2⇥ 1013 2⇥ 106 160

Table 1: Typical gas fluxes, peak densities, areal densities, annual running
time and integrated luminosity with proton beams for di↵erent gas types.
SMOG2 SC: 20 cm long and 1 cm diameter at 293 K. PGT SC: 30 cm
long and 1 cm diameter central tube with a 15 cm long and 1 cm diameter
feedtube, both at 100 K.

The SMOG2 SC is assumed to be 20 cm long and 1 cm diameter (at
293 K). Here, it is assumed that one can keep pumping on the VELO vacuum
vessel, either with the two ion pumps or with the TP301 through the GV302.
If required, one could consider adapting the pumping system on the VELO
vacuum vessel in LS3.
The table assumes parallel operation of SMOG2 SC with pp collisions along
the whole data taking. Alternatively, the same integrated luminosities could
be obtained in shorter dedicated runs increasing the gas density by up to a

1

Statistics in full synergy mode (1 yr data taking)

Int. Lumi.                                                    80/pb 
Sys.error of          xsection                          ~3% 
                  yield                                           28 M 
                  yield                                         280 M 
                  yield                                          2.8 M 
                  yield                                         280 k 
                  yield                                           24 k 
                  yield                                           24 k

 SMOG2 example pAr @115 GeV

J/Ψ
D0
Λc
Ψ′�
Υ(1S)
DY μ+μ−

J/Ψ
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LHCb-PUB-2018-015

Unpolarised 
gas

Reconstru
cted partic

les



All this is going to happen at 

Phase I 
unpolarised target

Phase II 
transversely polarised H and D target
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SMOG2

Installation in August 2020 
Data taking from LHC Run3 (2022)

We aim at installing it in 
the LHC LS3 
(2025-2027)Now

!
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Internal side view

storage cell

WFS

375 mm

VELO

7 SMOG2 gas feed system

The SMOG apparatus is equipped with a gas feed system, shown in Fig. 2, which allows to
injects gas into the VELO vessel, Fig. 5. This system has only one feed line (used for di↵erent
noble gases), and cannot provide accurate determination of the injected gas flow rate Q.

For SMOG2 a new GFS, schematically shown in Fig. 36, has been designed. This system
includes an additional feed line directly into the cell center via a capillary, Fig. 29. The amount
of gas injected can be accurately measured in order to precisely compute the target densities
from the cell geometry and temperature.

Beyond the constraints requested by LHC and LHCb, the scheme shown in Fig. 36 is a well
established system, operated by the proponents in previous experiments [32, 33].

7.1 Overview

The system consists of four assembly groups, Fig. 36.

Figure 36: The four assembly groups of the SMOG2 Gas Feed System: (i) GFS Main Table, (ii) Gas
Supply with reservoirs, (iii) Pumping Station (PS) for the GFS, and (iv) Feed Lines. The pressure gauges
are labelled AG1 (Absolute Gauge 1), AG2 (Absolute Gauge 2). The two dosing valves are labelled
DVS (Dosing Valve for Stable pressure in the injection volume) and DVC (Dosing Valve for setting the
Conductance). The Feeding Connections include the feeding into the VELO vessel and into the storage
cell. The corresponding valves are labelled CV (Cell Valve), VV (VELO Valve) and SV (Safety Valve). A
Full Range Gauge (FRG) monitors the pressure upstream of the last valves for feeding into the vessel
(VV) and into the Cell (VC). A RGA with restriction and PS will be employed to analyze the composition
of the injected gas (see Sect. 6.4).

(i) GFS Main Table: Table which hosts the main components for the injection of calibrated
gas flow (volumes, gauges, and electro–pneumatic valves), to be located on the balcony at
the P8 cavern;

37

Gas Feed System

Openable cell
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It is the only object into 
the LHC primary 

vacuum
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Besides the unique scientific production, the SMOG2 system, during the LHC Run 3 (from 2022), will deliver the first data 
usable for studying the mutual target-beam interactions providing a fundamental playground for the R&D of LHCspin
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Polarised target

The technique proposed is well consolidated  

Design follows the successful HERMES Polarised Gas Target  which ran 
at HERA 1996 – 2007, and the follow-up PAX target operational at 
COSY (FZ Jülich)

However the R&D is 
complex and needs 
several innovative 

developments 
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must be compacted in 1.2 m



LHCspin

19/02/2021 1V. Carassiti - INFN Ferrara

PGT cell

19/02/2021 12

MAGNET INFO FOR THE CELL ACCESS

coils

V. Carassiti - INFN Ferrara

yoke

- MAGNET IN TWO SEPARATED COILS

- C SHAPE YOKE OR WITH A SIDE 
REMOVABLE PLATE 

LHCspin represents the only way to have polarised collisions at the LHC 

The Atomic Beam Source, the  Polarimetrer and 
the Gas Analyzer are not drawn (still in a very early 
stage of the R&D) 
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A lively and fast-growing fixed-target program is being developed at LHC, in 
particular with the LHCb spectrometer, exploiting the unique kinematic conditions 
provided by a TeV-scale beam and a fully instrumented forward spectrometer 

The installation of the first storage cell target for unpolarized gases already 
happened in August 2020 and will start taking data from LHC Run3 (2022). The 
PGT could come few years later.

Conclusions

Pasquale Di Nezza
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A lively and fast-growing fixed-target program is being developed at LHC, in 
particular with the LHCb spectrometer, exploiting the unique kinematic conditions 
provided by a TeV-scale beam and a fully instrumented forward spectrometer 

The installation of the first storage cell target for unpolarized gases already 
happened in August 2020 and will start taking data from LHC Run3 (2022). The 
PGT could come few years later.

Conclusions

Pasquale Di Nezza

Fixed target collisions at the LHC represent a unique 
possibility for a laboratory for QCD and astroparticle in unexplored kinematic 

regions … in a realistic time schedule


