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LHC beams cannot be polarized

By installing a polarized gas target it will be possible 
to open the frontiers to the spin-physics

        can develop this physics program by exploiting the full 
potentialities of both the LHC and the LHCb detector
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• Multi-dimensional nucleon structure in a poorly explored kinematic domain

• Make use of new probes (charmed and beauty mesons)

LHCb has been conceived and optimised for heavy-flavour physics 

(η, ηc, ηc(2S),χc,b = tri-gluon corr.), J/Ψ, Ψ’, di−J/Ψ, Y(1, 2, 3S), D, B-mesons, DY (µ+µ-) …

• Complement and extend present and future results (Compass, JLab, RHIC and, in 

particular, EIC)

US machine 

cost ~3 B$ 

time scale >>2035

center-of-mass system energy = 115 GeV center-of-mass system energy = 72 GeV



Gluon TMDs

dominant process at LHC

•                             is the ideal observable to access gTMDs (qT(Q)<<MQ) 
• Deep insight into the nucleon gluon dynamics 
• Sheds light on spin-orbit correlations 
• Sensitive to the totally unknown gluon Orbital Angular Momentum 

pp↑ → QQ̄[HF]X

Completely unconstrained!
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J/Ψ D0

Huge statistics of reconstructed particlesM.Santimaria, Frascati

Phys. Rev. D 102, 094011 (2020)
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Golden Channel 

Transversely polarized Drell-Yan 

hadron+hadron       lepton+lepton

5

We access Leading Order QCD 

fundamental functions 

Quark TMDs
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6

reconstructed 
particles

The statistical precision achievable with LHCspin is remarkably high, even for channels never measured 
before, indicating the potential for significant advancements in the field of research within a relatively 
short timeframe

An experimental statistical precision of 10%, that LHCspin can easily reach, will improve the current 
theoretical knowledge by more than an order of magnitude 

Channel Events / week Total yield

J/ ! µ+µ� 6.3 ⇥ 105 7.6 ⇥ 107

D0 ! K�⇡+ 3.2 ⇥ 106 3.8 ⇥ 108

 (2S) ! µ+µ� 1.1 ⇥ 104 1.3 ⇥ 106

J/ J/ ! µ+µ�µ+µ� (DPS) 4.2 ⇥ 10�1 5.0 ⇥ 101

J/ J/ ! µ+µ�µ+µ� (SPS) 1.2 1.5 ⇥ 102

Drell Yan (5 < Mµµ < 9 GeV) 3.6 ⇥ 102 4.3 ⇥ 104

⌥ ! µ+µ� 2.7 ⇥ 102 3.3 ⇥ 104

⇤+
c ! pK�⇡+ 6.3 ⇥ 104 7.6 ⇥ 106

Table 1: Estimated event rates with LHCspin and total yield in a Run for various channels based on
the SMOG pHe results described in Sec. 2.1.

Channel Events / week Total yield

J/ ! µ+µ� 1.3 ⇥ 107 1.5 ⇥ 109

D0 ! K�⇡+ 6.5 ⇥ 107 7.8 ⇥ 109

 (2S) ! µ+µ� 2.3 ⇥ 105 2.8 ⇥ 107

J/ J/ ! µ+µ�µ+µ� (DPS) 8.5 1.0 ⇥ 103

J/ J/ ! µ+µ�µ+µ� (SPS) 2.5 ⇥ 101 3.1 ⇥ 103

Drell Yan (5 < Mµµ < 9 GeV) 7.4 ⇥ 103 8.8 ⇥ 105

⌥ ! µ+µ� 5.6 ⇥ 103 6.7 ⇥ 105

⇤+
c ! pK�⇡+ 1.3 ⇥ 106 1.5 ⇥ 108

Table 2: Estimated event rates with LHCspin and total yield in a Run for various channels based on
the SMOG2 pAr results described in Sec. 2.2.

The much higher rates expected starting from SMOG2 results reflect the outstanding performance
of the storage gas cell and new reconstruction framework with respect to the SMOG system and Run
2 reconstruction.

Other physics channels Other channels are considered by scaling the projected J/ ! µ+µ� rate
with the ratio of their expectation, as described in the following.

The D0 ! K�⇡+ rate is estimated by scaling the J/ ! µ+µ� results by a factor of 5, as observed
in Fig. 1. This matches the ratio observed in SMOG2 ?? once the muon ine�ciency mentioned earlier
is taken into account.

 (2S) ! µ+µ� projections are obtained by assuming the  (2S)/J/ ratio of observed events in [7],
and equal reconstruction performance.

Di-J/ events produced via Double Parton Scattering (DPS) can be estimated via the pocket
formula [8]:

�(J/ J/ )DPS =
1

2

�(J/ )2

�e↵
! �(J/ J/ )DPS

�(J/ )
⇡ 6 ⇥ 10�5 (9)

having used �e↵ ⇡ 10 mb from [9] and �(J/ ) ⇡ 1226 nb per nucleon from [3]. This ratio is not expected
to undergo large variations with

p
s and to be enhanced in pA collisions10. If the J/ ! µ+µ� event

yield is given by:
NJ/ !µ+µ� = �(J/ ) ⇥ B(J/ ! µ+µ�) ⇥ L ⇥ ✏, (10)

with L = 7.6 nb�1, B(J/ ! µ+µ�) = 5.961% [10] and assuming cross section scaling with the atomic
number, as done in [3], ✏ = 18.4% can be derived, which includes the LHCb geometrical acceptance.
This quantity can be used to estimate the expected ratio of di�J/ over J/ yields as

NDPS
J/ J/ !µ+µ�µ+µ�

NJ/ !µ+µ�
=
�(J/ J/ )DPS

�(J/ )
⇥ B(J/ ! µ+µ�) ⇥ ✏ = 6.6 ⇥ 10�7, (11)

where ✏ is assumed to factorise.
10Vanya Belyaev, private communication.
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A new opportunity: spin physics in heavy-ion collisions Never measured before 
Unique possibility

2 Author / Nuclear Physics A 00 (2020) 1–4
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Fig. 1. Left: A schematic view of the ultra-relativistic collision of a heavy nucleus on the deuteron target polarized along ( j3 = ±1)
and perpendicular ( j3 = 0) to the fixed polarization axis {�P}. The deformation of the created fireball in the transverse plane reflects
the intrinsic deformation of the polarized deuteron. The collective shape-flow transmutation mechanism results in the one body elliptic
flow coe�cient with respect to the polarization axis, v2{�P}, with the signs as labeled in the figure. Right: Ellipticities of the initial
condition in the fireball, evaluated with respect to the fixed polarization axis, ✏2{�P}, for Pb collisions on a polarized deuteron target atp

sNN = 72 GeV. The lower-axis coordinate is the centrality determined from the initial entropy S , whereas the top-axis coordinate is
the corresponding number of the wounded nucleons, NW . (Graphics from [2])

The planned fixed target AFTER@LHC experiments, in particular SMOG2@LHCb [3, 4, 5, 6], will be
able to study collisions of a 2.76A TeV Pb beam on fixed targets, with a possibility of using in the future
polarized hydrogen and deuterium targets [7], which can be installed during the LHC Long Shutdown 3 in
the years 2023-2025. We note that the proposed method requires a measurement of a one-body distribution
and, with a very high intensity beam, could be simply performed with minimum bias events and without
event reconstruction or pile-up corrections. Precise estimates, including hydrodynamic simulations, error
estimates, etc., are provided in [2].

An analogous e↵ect is present for collisions on other light targets with j � 1, such as 7Li, 9Be, or 10B.
Interestingly, the magnitude of the elliptic flow can be estimated from their known mean square radii and
quadrupole moments, and is sizable, even larger that for the case of the deuteron. The estimate for the
elliptic flow coe�cient evaluated with respect to the polarization axis is [2]

v2{�P} ' �k
3Q2

4Z(hr2i + 3
2 hb2i)

3 j
2
3 � j( j + 1)
j(2 j � 1)

,

where k ⇠ 0.1 is the hydrodynamic response coe�cient, Q2 is the quadrupole moment, Z is the atomic
number, and hr2i is that mean squared charge radius of the light nucleus. The quantity hb2i ⇠ 1 fm2 is the
average impact parameter squared in inelastic NN collisions. The formula holds for perfect polarization,
su�ciently central collisions, and j � 1.

If the e↵ect of the elliptic flow in polarized heavy–light collisions is indeed confirmed, it would cor-
roborate the scenario of the late-stage generation of collectivity. Other interesting opportunities emerging
from such collisions involve studies of hard probes as well as femtoscopic correlations, with appropriate
measures defined with respect to the polarization axis.

2.
16

O � 16
O collisions

Proposals to study collisions with 16O beams at the LHC [8] and at RHIC [9] are presently under serious
consideration. In this regard we have carried out an analysis of the initial state in 16O-16O in the Monte Carlo
Glauber approach [10]. Similar results in other models were presented earlier in [11, 12]. The results can be
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The planned fixed target AFTER@LHC experiments, in particular SMOG2@LHCb [3, 4, 5, 6], will be
able to study collisions of a 2.76A TeV Pb beam on fixed targets, with a possibility of using in the future
polarized hydrogen and deuterium targets [7], which can be installed during the LHC Long Shutdown 3 in
the years 2023-2025. We note that the proposed method requires a measurement of a one-body distribution
and, with a very high intensity beam, could be simply performed with minimum bias events and without
event reconstruction or pile-up corrections. Precise estimates, including hydrodynamic simulations, error
estimates, etc., are provided in [2].

An analogous e↵ect is present for collisions on other light targets with j � 1, such as 7Li, 9Be, or 10B.
Interestingly, the magnitude of the elliptic flow can be estimated from their known mean square radii and
quadrupole moments, and is sizable, even larger that for the case of the deuteron. The estimate for the
elliptic flow coe�cient evaluated with respect to the polarization axis is [2]
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,

where k ⇠ 0.1 is the hydrodynamic response coe�cient, Q2 is the quadrupole moment, Z is the atomic
number, and hr2i is that mean squared charge radius of the light nucleus. The quantity hb2i ⇠ 1 fm2 is the
average impact parameter squared in inelastic NN collisions. The formula holds for perfect polarization,
su�ciently central collisions, and j � 1.

If the e↵ect of the elliptic flow in polarized heavy–light collisions is indeed confirmed, it would cor-
roborate the scenario of the late-stage generation of collectivity. Other interesting opportunities emerging
from such collisions involve studies of hard probes as well as femtoscopic correlations, with appropriate
measures defined with respect to the polarization axis.

2.
16
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O collisions

Proposals to study collisions with 16O beams at the LHC [8] and at RHIC [9] are presently under serious
consideration. In this regard we have carried out an analysis of the initial state in 16O-16O in the Monte Carlo
Glauber approach [10]. Similar results in other models were presented earlier in [11, 12]. The results can be
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The planned fixed target AFTER@LHC experiments, in particular SMOG2@LHCb [3, 4, 5, 6], will be
able to study collisions of a 2.76A TeV Pb beam on fixed targets, with a possibility of using in the future
polarized hydrogen and deuterium targets [7], which can be installed during the LHC Long Shutdown 3 in
the years 2023-2025. We note that the proposed method requires a measurement of a one-body distribution
and, with a very high intensity beam, could be simply performed with minimum bias events and without
event reconstruction or pile-up corrections. Precise estimates, including hydrodynamic simulations, error
estimates, etc., are provided in [2].

An analogous e↵ect is present for collisions on other light targets with j � 1, such as 7Li, 9Be, or 10B.
Interestingly, the magnitude of the elliptic flow can be estimated from their known mean square radii and
quadrupole moments, and is sizable, even larger that for the case of the deuteron. The estimate for the
elliptic flow coe�cient evaluated with respect to the polarization axis is [2]
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,

where k ⇠ 0.1 is the hydrodynamic response coe�cient, Q2 is the quadrupole moment, Z is the atomic
number, and hr2i is that mean squared charge radius of the light nucleus. The quantity hb2i ⇠ 1 fm2 is the
average impact parameter squared in inelastic NN collisions. The formula holds for perfect polarization,
su�ciently central collisions, and j � 1.

If the e↵ect of the elliptic flow in polarized heavy–light collisions is indeed confirmed, it would cor-
roborate the scenario of the late-stage generation of collectivity. Other interesting opportunities emerging
from such collisions involve studies of hard probes as well as femtoscopic correlations, with appropriate
measures defined with respect to the polarization axis.

2.
16
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O collisions

Proposals to study collisions with 16O beams at the LHC [8] and at RHIC [9] are presently under serious
consideration. In this regard we have carried out an analysis of the initial state in 16O-16O in the Monte Carlo
Glauber approach [10]. Similar results in other models were presented earlier in [11, 12]. The results can be
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The planned fixed target AFTER@LHC experiments, in particular SMOG2@LHCb [3, 4, 5, 6], will be
able to study collisions of a 2.76A TeV Pb beam on fixed targets, with a possibility of using in the future
polarized hydrogen and deuterium targets [7], which can be installed during the LHC Long Shutdown 3 in
the years 2023-2025. We note that the proposed method requires a measurement of a one-body distribution
and, with a very high intensity beam, could be simply performed with minimum bias events and without
event reconstruction or pile-up corrections. Precise estimates, including hydrodynamic simulations, error
estimates, etc., are provided in [2].

An analogous e↵ect is present for collisions on other light targets with j � 1, such as 7Li, 9Be, or 10B.
Interestingly, the magnitude of the elliptic flow can be estimated from their known mean square radii and
quadrupole moments, and is sizable, even larger that for the case of the deuteron. The estimate for the
elliptic flow coe�cient evaluated with respect to the polarization axis is [2]
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where k ⇠ 0.1 is the hydrodynamic response coe�cient, Q2 is the quadrupole moment, Z is the atomic
number, and hr2i is that mean squared charge radius of the light nucleus. The quantity hb2i ⇠ 1 fm2 is the
average impact parameter squared in inelastic NN collisions. The formula holds for perfect polarization,
su�ciently central collisions, and j � 1.

If the e↵ect of the elliptic flow in polarized heavy–light collisions is indeed confirmed, it would cor-
roborate the scenario of the late-stage generation of collectivity. Other interesting opportunities emerging
from such collisions involve studies of hard probes as well as femtoscopic correlations, with appropriate
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Deep insight into the 
dynamics of small systems: 

a new probe for studying 
collectivity phenomena 

There are several experiments dedicated to spin physics, but with many limitations:  

very low energy, no rare probes, no ion beam, … 
LHCspin is unique in this respect



The hardware system Polarized target

ppp-gas

Successful technology based on 
HERA and COSY experiments

11

However, the project requires a new polarized target that complies 
with all the requirements of the LHC



would start from a unique result that has been just achieved

SMOG2 the first and unique unpolarised gas target with storage cell at LHC/LHCb

The existence of this storage 
cell is a unique playground 
for the LHCspin R&D 
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LHCb-FIGURE-2023-001

Pb-Ar collisions

Textbook fig
ure

Two well separated and independent Interaction Points working simultaneously

13.8 TeV113 GeV

Primary Vertex reconstruction
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•same resolution for beam-gas and beam-beam collisions
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•small impact in the LHCb data reconstruction and 
processing sequence

LHC and LHCb can effectively operate in collider and fixed-target 
mode simultaneously, collecting large statistics 
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excellent results in ~20 minutes of data taking, albeit 
low gas pressure and preliminary sub-detector 

performance

LHCb-FIGURE-2023-008
pH → Λ0 X pAr → J/Ψ X
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Figure 4: Kinematic coverage in the x � Q2 plane.
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with the constraint a2 < a1/45. The results are shown in Fig. 7.
The fitted amplitudes are compatible with the parameters used in the generated model (Eq. 6),

showing no bias. Within the available statistics, corresponding to the data-taking time shown in the
plots, there is no sensitivity to fit for a second harmonic with the chosen binning scheme. The results for
the first harmonic amplitudes are summarised in Fig. 8 together with luminosity statistics, evaluated
from the method described in Sec. 2. As expected, the amplitudes are consistent with the generated
value and a mild, increasing trend is observed as xF (x) gets smaller (larger). With the chosen binning
scheme, Sivers amplitudes with around 10% error are expected to be measured in just three months
of data-taking at LHCspin.

5Given the available statistics, this constraint prevents the fit to converge to too large a2 values
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with the constraint a2 < a1/45. The results are shown in Fig. 7.
The fitted amplitudes are compatible with the parameters used in the generated model (Eq. 6),

showing no bias. Within the available statistics, corresponding to the data-taking time shown in the
plots, there is no sensitivity to fit for a second harmonic with the chosen binning scheme. The results for
the first harmonic amplitudes are summarised in Fig. 8 together with luminosity statistics, evaluated
from the method described in Sec. 2. As expected, the amplitudes are consistent with the generated
value and a mild, increasing trend is observed as xF (x) gets smaller (larger). With the chosen binning
scheme, Sivers amplitudes with around 10% error are expected to be measured in just three months
of data-taking at LHCspin.

5Given the available statistics, this constraint prevents the fit to converge to too large a2 values
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PGT cell
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VELO 
vessel

PGT implementation into LHCb

19/02/2021 18

ABS & BRP IN VERTICAL LAYOUT – SIDE VIEW 

V. Carassiti - INFN Ferrara

- A FITTING CONFIGURATION IS CRITICAL ON THE BOTTOM SIDE
- SPACE FOR FRAME , ASSEMBLY & HANDLING OF THE PARTS IS EASIER

- THE CELL OPENS HORIZZONTALLY
- MAGNET & PRIMARY VACUUM VESSEL ROTATE 90°

A SURVEY CHEKING THE ALLOWABLE SPACE
OF BOTH CONFIGURATIONS IS NEEDED

ABS

BR
P

1800

12
00

Atomic Beam Source

Breit-Rabi polarimeter

• Cylindrical target cell with SMOG2 dimensions:  and  

• Full LHCb simulations show broader kinematic acceptance & higher 
efficiency in the same position of the SMOG2 cell

L = 20 cm D = 1 cm

Breit-Rabi Polarimeter
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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 28/12/2020 13

FEED THROUGH SERVICES

MOTORS

ABS

BRP

FEED THROUGHS:
- ABS x 1
- BRP x 1
- Ugfs x 1
- Motors x 2
- Thermal sensors x 1

WFS

• Compact dipole magnet  static transverse field 

• Superconductive coils + iron yoke configuration fits 
the space constraints 

•  with polarity inversion, , 
suitable to avoid beam-induced depolarisation

→

B = 300 mT ΔB/B ≃ 10 %

PGT implementation into LHCb
Transverse polarisation



Coating issues

Amorphous carbon is a very effective coating for maintaining low SEY, as 
demonstrated by SMOG2. However, what about atomic recombination?

polarized

unpolarized
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Coating issues

Amorphous carbon is a very effective coating for maintaining low SEY, as 
demonstrated by SMOG2. However, what about atomic recombination?

In previous experiments at HERA and COSY, Dryfilm (silicon) or Teflon (fluoride) coating, 
combined with ice layers, kept the SEY low and prevented recombination

This is not possible at LHC: no fluoride, no silicon materials allowed

polarized

unpolarized

18



Coating issues

Let’s try to change the paradigm and exploit the recombination effects. 
This can happen if: 

1) the recombination process is “fast enough” to recombine two polarized atoms 
2) the recombination into molecules is very high

19



Coating issues

Let’s try to change the paradigm and exploit the recombination effects. 
This can happen if: 

1) the recombination process is “fast enough” to recombine two polarized atoms 
2) the recombination into molecules is very high

A test was performed at FZ-Julich on a quartz storage cell coated at CERN with 
amorphous carbon, just like the SMOG2 storage cell

Acknowledgement for the coating process: Yorick DELAUP, Bernard HENRIST,  Pedro COSTA PINTO - CERN TE-VSC
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Coating issues

LHCspin can develop a new storage cell 
using polarized molecules

• high density target 

• but an absolute polarimeter is needed
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Proton vector polarization for different magnetic fields 
- aC coating -

Initial atomic polarisation       Pa = 0.90 
Recombination rate               95.8 - 100 %
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R.Engels, FZJ

preliminary

HERMES Coll  
Eur. Phys. J. D 29, 21–26 (2004) 

DOI: 10.1140/epjd/e2004-00023-5

Nuclear polarization of hydrogen molecules recombined 
on Cu from D-atoms (left) and H-atoms (center),  and  from 

H-atoms on a non-metallic surface (right)
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Development of an absolute polarimeter

To validate the theoretical predictions of the analyzing power at 7 TeV, in addition to evaluating 
detection efficiency and background, the absolute polarimeter must be installed in coincidence 
with the standard Breit-Rabi Polarimeter along the beamline

Based on the Coulomb Nuclear Interference (CNI)

Here a new idea/proposal comes …
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RHIC polarimeter
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The LHC Interaction Regions
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The LHC 
Interaction 
Region 4 
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https://indico.cern.ch/event/817655/contributions/3442649/attachments/
1861615/3059737/2019_06_BGV_GasJetTarget.pdf

BGV
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https://indico.cern.ch/event/817655/contributions/3442649/attachments/
1861615/3059737/2019_06_BGV_GasJetTarget.pdf

BGV

This apparatus (which is a jet target itself) could be replaced by 
the LHCspin target and its absolute polarimeter.  

In case, it could also serve as a beam gas vertex detector for 
beam emittance measurements



The existing target in Julich to be used for the R&D activities

A. Nass, FZJ 27
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LHCspin is a groundbreaking project conceived to bring polarized physics at the LHC exploiting its 
potential, along with LHCb, one of the most advanced detectors 

It is extremely ambitious in terms of both physics reach and technical complexity 

The installation of the Polarized Gas Target at the IR4 could be used to adapt an absolute 
polarimeter for a Polarised Molecular Target, study and fulfill all the LHC requirements to be ready 
for the installation in LHCb

Conclusions

Pasquale Di Nezza
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Conclusions

Pasquale Di Nezza

LHCspin represents a unique opportunity within a realistic timeframe and budget

LHCspin is a groundbreaking project conceived to bring polarized physics at the LHC exploiting its 
potential, along with LHCb, one of the most advanced detectors 

It is extremely ambitious in terms of both physics reach and technical complexity 

The installation of the Polarized Gas Target at the IR4 could be used to adapt an absolute 
polarimeter for a Polarised Molecular Target, study and fulfill all the LHC requirements to be ready 
for the installation in LHCb


