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Spin is a key tool to explore a wide range of new and intfriguing physics scenarios

Huge efforts In the past/present ... and future
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The LHC beams cannot be polarised. The only possibility o have polarised collisions is

through a polarised fixed-target
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0.45-7 TeV pp collisions: 0.45 - 7 TeV beam on fix target

. \/; _ /szEp ~ 41 — 115 GeV 1: beam; 2: target
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The LHCb detector
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The installation of an unpolarised gas target

oroves the technical and physical tfeasibility of

Implementing this technigue at the LHC




SMOQZ an unpolarized target at

System for Measuring Overlap with Gas

Po
()
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CONICAL TRANSITION
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Forward acceptance: 2<n <5

Tracking system momentum resolution
Aplp = 0.5%—-1.0% (5 GeV/c —100 GeV/c)

5 mm radius x 200 mm length
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It Is The only system
present in the LHC
primary vacuum
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SMOQZ ... If really works

LHCb-FIGURE-2023-001
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Two well separated and independent Interaction Points working simultaneously
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SMOQZ ... If really works

LHCb-FIGURE-2023-001

Normalised distribution
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The spectrometer behaves in the same, excellent, way
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SMOQZ ... If really works

esuls hae alread;/n ublihed, and
much more will come
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Now we know that a storage cell at the LHC Is possible
and performs excellently!
Theretore, we can take the next step

13



Now we know that a storage cell at the LHC is possible
and performs excellently!
Theretore, we can take the next step

The physics goals of | H-( ... just a quick overview
spin

o Multi-dimensional nucleon structure in a poorly explored kinematic domain

o Measure experimental observables sensitive to both quarks and gluons TMDs
e Make use of new probes (charmed and beauty mesons)

o Complement present and future SIDIS results

e Test non-trivial process dependence of quarks and (especially) gluons TMDs
® Measure exclusive processes to access GPDs

14



LHCspin event rates

Precise spin asymmetry on J/'¥ — u*u~ and D’ > K—rnt

for pH' collisions in just few weeks
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Stafistics further enhanced by a factor 3-5 in LHCb upgrade i
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Quark TMDs

quark pol. Transv. polarized Drell-Yan
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gluon pol.

Gluon TMDs | ,
U | Circularly | Linearly
. . — ( 1y
Theory framework well consolidated, but experimental 2 |V # | hy”
: . & g Lg
access still extremely limited g |L 911 hit
9 L C ok
2 | T| fir Gir hi, hir

The most efficient way to access the gluon dynamics inside the
oroton at LHC is to measure heavy-quark observables. ]
At LHC heavy quarks are produced by the dominant gg fusion .
Process

Inclusive quarkonia production in (un)polarized pp inferaction
turns out to be an ideal observable to access gTMDs

e Can look at associate quarkonia production, where only relative
gr needs to be small (e.g. pp' = J/'¥ + J/¥ + X)

TMD factorisation requires g;(Q) < M,:

e Due to the large masses, easier in case of bottomonium where

factorisation can hold at large ¢,
17



gluon pol.

Gluon TMDs
U | Circularly | Linearly
. . - 1
Theory framework well consolidated, but experimental 2 |V fi hy”
. . . g L g h_l.y
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by, e.q., di — J/¥ or Y production  -02¢
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” —04 F
: EPOS+Pythia MC ‘
_06 - pp Vs = 115 GeV -0.01}-
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Probing the Sivers function

¢

DO.BO
U g1 | 6 {4/'#"#
D ..
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gluon pol.

U  Circularly | Linearly

= 9 lg
2 U i hy

s g Llg
g L JiL hiL
3} ( I
- -1 9 g9
= T f] T g!lJ'I' hl' hl'l'

Can be accessed through the Fourier decomposition of the TSSAs for Inclusive meson production

lo' — 0o
Ay

|

" Pol 4o

Sensitive to color exchange amon

g lS and FS, and gluon OAM

l - [fl#g(xa’kla)®fg(xb. klb)@do—gy—»QQg] sin ¢S + .

Shed light on spin-orbit correlation of unpolarized gluons inside a fransversely polarized proton

pp' -]/ +X
08 ———— | |
- Vs =115 GeV
0.6 [ Pp=3GeV
04 Frovvevennn T T T )
o2t e :
) —
02k e T T :
' CGI NRQCD f-type ]
041 CGINRQCD d-type - - - |
.- CGI NRQCD quark ........ ]
0.6 | CGI CSM f-type — -~ ]
T Bk GPM NROCD +++++ - _
| GPMCSM - - -
-0.8 ' . : | , | . | . | |
0.3 0.2 0.1 0 01 " .

Phys. Rev. D 102,094011 (2020)

0.07

0.06

Predictions for J/¥

production based on 0-052—
GPM & CGI-GPM ooef-
Expected amplitudes 003
could be very large in the o_ozf_
xz < 0 region oot
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pp = J/YX (J/Y - up)




UPC and gGPDs

Timelike Compton scattering (TCS)

Exclusive meson production
(access via angular modulation)

hard scale = quark mass

Accessible already with SMOG2
for the unpol part

:Recall: 5
:-barely explored high-xs region:
:-moderate Q2 :

- Impact parameter larger than sum of radii

- Process dominated by EM interactions

- Gluon distributions probed by pomeron exchange
- Exclusive quarkonia prod. sensitive to gluon GPDs
[PRD 85 (2012), 051502]

LHCspin could allow to access the GPD E¥ (a key ingredient of the Ji sum rule)

hard scale = large g2 (in practice few GeV?)

1
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2

J
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—

1
dz( H9(z,£,0) + E9(2,€,0) )

3D maps of parton densities in coordinate space
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=
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J/¢, total uncertainty on cross section, assuming 4% uncertainty on lummnosity

pXe
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Spin physics In heavy-ion collisions

e probe collective phenomena in heavy-light systems through ultra-
relativistic collisions of heavy nuclei with frasv. pol. deuterons

e polarized light target nuclel offer a unique opportunity to control
the orientation of the formed fireball by measuring the elliptic flow
relative to the polarization axis (ellipticity).

dtT+A

unpolarized d+A

V2{¢P}=0 Vz{mp}<0 Vs {Qp}>0
Jj3 = 0 — oblate fireball

correspondsto v, > 0

Unpol. deuterons: the
fireball is azimuthally
symmetric and v, = 0.

j3 = 1 — prolate fireball
stretched along the pol.
axis, corresponds tov, < 0

21

Predictions for LHC FT kinematics
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Spin physics In heavy-ion collisions

Single spin asymmetries in ultra-peripheral p'A — hAX collisions

to test the assumed dominance of the contribution from twist-three fragmentation functions

P+AU, y, = 3.0, \/syv = 200 GeV

0.03 0.000

0.0 prmm=m=m=mmmmmm e ]
e = —0.005 |
S 0.01 | ~~~~~~~~~
7o Y O —0.010 ¢
S 0.00 |
S
S > | e > _
" < 0.0 e < —0.015
-
> el Iy \+ —0.020 |
c | — 7T
- —0.03|
> |7 — o
£ voul n —0.025 |

e yp = 3.0 — 7 Tt v, =3.0
020 025 030 035 040 045 050 055 0.60 020 025 030 035 040 045 050 055 0.60
XF XF

kinematic region and required precision well fit the LHCspin potentialities
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Lﬁc O p0|0r|zed TOrge’r oli % Polarized target e
spin —

Successful fechnology based on
HERA and COSY experiments ... but an extensive R&D is also required
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LHCspin experimental setup

Target density (H) = 3.7 x 1013cm-2
LHC beam (Runb) = 6.8 x 1018 p s

Lon = 2.5 x 1032 cm-2 s-1

v
Dissociator
Negligible impact on the LHC beam lifetime, z°~" pus ~ 2000 days
\' [ n [ n
- to be compared with the typical 10h of the beam lifetime
Sexwpole [N '-
system -
-: :- Atomic Beam Source (ABS)
x — produces polarized atomic
SFT I]: :I.. beams
MFT I% .
Sextupole -E :-
system -
[ : Target Gas Analyzer (TGA)
¥ - measures atomic and
lecul ti
Ol e sIHON Breit-Rabi Polarimeter (BRP)
— measures nuclear polarnzation
Target Cell | ‘ QMA
e 1 ’3 --
" dd
':::::_-”‘,”,:ZI ":::::-- "u -?"ffil”j‘-m’\
| Beam Shutter _-
LHC beam SET  MFT ‘L“"P“'& Chopper
system
24 [NIMA 540 (2005) 68-101]




PGT implementation into LHCb

Transverse polarization
MAGNET INFO FOR THE CELL ACCESS

e |nject polarized gas via ABS and unpolarized
gas via UGFS yoke

wwwww

FEED THROUGH SERVICES
"

FEED THROUGHS:

- ABSx1

- BRPx1

- Ugfsx1

- Motors x 2

- Thermal sensors x 1

et e bt b B
i '-!5‘-".‘*.!.‘!!1!'.1\.!;!!!-'1:*.'.».«- i Th
A ‘l!!\‘ﬂ!-.a“.!.l!!!'-‘x‘él!!!,i:ﬁ!!‘.!%ﬁ&!‘,_l,!!,-,\,-,!!. I

3
-

coils
.
B vorors.
MAGNET IN TWO SEPARATED COILS
| ABS
] - CSHAPE YOKE OR WITH A SIDE
~ 7 REMOVABLE PLATE

e Compact dipole magnet — static transverse field

urersotors: D
LGOMICO
LU+

e Superconductive coils + iron yoke configuration fits the
space constraints

LAXMAICCD

L 1.220203C4C)

e B =300 mT with polarity inversion, AB/B ~ 10 %, suitable
to avoid beam-induced depolarization [PoS (SPIN2018) ]

—— .020202€ 01

Possibility to switch to a solenoid and provide
longitudinal polarization

A NMWF N

i., ..........
UL 2 5



https://pos.sissa.it/346/098

Beam chamber

Role of the storage cell coatfing

Carbon thin films

Diamond-like

_\_; 1 1 | | | :
N N N Bunch spacing (e.q. 25 ns) Tirm.
low SEY ikt -
HC polymers
sputtered a-C y
P a-CcH \ na films . .
assycarngn XONRNC_— 4, - The material of the cell walls must have a low Secondary Electron Yield (e-cloud)
graphitic CF p e

° high SEY

Fig. 2. Ternary phase diagram of bonding in amorphous carbon-hydrogen alloys.

I Robertson/Maicrialy Science and Fngineering R 37 (2062) 129-281

SMOG2 amorphous Carbon coated cell
SMOG2 non coated cell |

_aluminum CuBe (flexible)

9| \




Coating issues

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

Eley-Rideal Mechanism _
Eley-Rideal Mechanism Eley-Rideal Mechanism Pn=0.35P,

. ®

/- N
l' \',
| K "\
. \ '
PO larized '\._\\ _’ ] —*’ "'-\ ‘..;'
™~ . —
\"\

y ’ y A s -
: - - - > - . y ; - - > - - y A y y. Ve /
J A e i & /,/ // /_/ S P S / J s S ) P P ~ //’ /,/ A S / /. P / s P p '/, p e
A S e y, P s P s P e - P s e o S - ! ’ '
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Coating issues

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

Eley-Rideal Mechanism
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INn 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
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Coating issues

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

1) -

he recombina

2)

lon process is “fast enough’ fo recombine two polarized atoms

he recombina

lon into molecules Is very high
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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 info 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
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Coating issues
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We can develop a new sforage cell
using polarized molecules

%
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To validate the theorefical predictions of the analyzing power at 7 TeV, in addifion to evaluatfing
detecftion efficiency and background, the absolute polarimeter must be installed in coincidence
with the standard Breif-Rabi Polarimeter along the beamline
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The backup: the jet targef Pro

-NO recombination
-high polarisation

Alternative solution with jet target also under evaluation: -very small systematics on the polarisation measurements

* lower density (~10'* atoms/cm?) Contra

* higher polarization (up to 90%) x40 less luminosity than the cell solution

* J|ower systematics in P measurement (virtually close to 0) (tolerable for the standard channels, relevant for the rare
probes)

In this case the small dipole becomes a simple small Helmholtz coll
that has basically no impact on the LHCb current or future setup



The plan is to develop the project in 2 phases:
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The plan is to develop the project in 2 phases:

Install the PGT in LHCb for the Rund and exploit
all the enormous potentialities due to the LHCb
(upgrade Il) spectrometer: c-, b-quark
reconstruction, rare probes, RTA, ...

Polarized farget
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The plan is to develop the project in 2 phases:
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Develop a compact - LHCb independent -

apparatus capable of:

- conducting R&D to have a “plug & play” PGT
for Runb

- perform physics measurements never
accessed before

- perform measurements connected to LHC

- efc...

Install the PGT in LHCb for the Rund and exploit
all the enormous potentialities due to the LHCb
(upgrade Il) spectrometer: c-, b-quark
reconstruction, rare probes, RTA, ...

Polarized farget
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The LHC Interaction Regions
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Beam Gas Vertex instrument
Potential integration of a gas jet as target

Robert Kieffer
rkieffer@cern.ch

-":.:/,-\-. BGC Collaboration Mesting at the Cockcroft Institute June 2019

https://indico.cern.ch/event/817655/contributions/3442649/attachments/
1861615/3059737/2019_06_BGV_GasJetTarget.pdf
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PHYSICAL REVIEW ACCELERATORS AND BEAMS 22, 042801 (2019)
Editors' Suggestion

Noninvasive LHC transverse beam size measurement using inelastic
beam-gas interactions

A. Alexopoulos,‘ C. Barschel, E. Bravin, G. Bregliozzi, N. Chritin, B. Dehningf M. Ferro-Luzzi,
M. Giovannozzi, R. Jacobsson, L. Jensen, R. Jones, V. Kain, R. Kieffer,ic R. Mateyv,
M. Rihl, V. Salustino Guimaraes, R. Veness, S. Vlachos,® and B. Wiirkner

CERN, CH-1211 Geneva 23, Switzerland

A. Bay, E Blanc, S. Giani, O. Girard, G. Haefeli, P. Hopchev, A. Kuonen,
T. Nakada, O. Schneider, M. Tobin, and Z. Xu

EPFL Swiss Federal Institute of Technology, CH-1015 Lausanne, Switzerland

R. Greim, T. Kim, S. Schael, and M. Wlochal
RWTH Aachen University, I. Physikalisches Institut, Sommerfeldstrasse 14 D-52074 Aachen, Germany

This apparatus is hot used and
39 could be replaced by LHCspin




Detector concept at the IR4

Apparatus:

- jet-target (but could be done also with storage cell)

- full (minimal) spectrometer: dipole magnet,
tracking stations, muon system

- simple PID detectors (Calo, RICH)?

Goals:
- proof of principle of the future (large-scale) experiment with LHCb.
- measurement of single-spin asymmetries in inclusive

hadron production in pH' and PbH" (see next slides)

Needed expertise (apart from pol. target):

- dipole magnet

- tracking detectors (Si strip, SciFi, drift chambers?)
- muon chambers (MWPC?)

- electronics

- DAQ

- slow control

- tracking/reconstruction algorithms

Dipole

magnet Muon
BRP chamber
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Detector concept at ine IR4
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Even though the focus will be on polarimetry and beam interactions, we performed preliminary calculations to
determine If a simple detector could meet our needs

Momentum resolution vs spectrometer length
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Spectrometer length (m)

we can achieve a resolution ép/p < 1% within a few meters of lever arm (depending on space constraints)
for momenta up to a few GeV and with N = 10 hit measurements
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momentum opening angle
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In parallel, we are working on the existing polarized target system. We
have identified the tasks required for a initial phase of refurbishment
and modification for the LHC.

The system will be moved from Julich to Ferrara before the end of the
year, where we will perform these modifications before moving the
system to CERN




The R&D work is proceeding well lhcspin@lists.lnf.infn. it

There already several WPs working on different subjects

DB repository

BGV

Lntegration Spectrometer Physics

channels

Dissemination

Very valuable note: all this developed at CERN, along LHC, in an international contest, by a small group of colleagues
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

= CERN-LHCC-2024-010
M LHCb-TDR-026
September 2, 2024

LHCb Upgrade 11 Scoping Document

LHCDb collaboration

Abstract

A second major upgrade of the LHCh detector is necessary to allow full exploitation
of the LHC for flavour physics. The new detector will be installed during long
shutdown 4 (LS4), and will operate at a maximum luminosity of 1.5 x 103 em—2s71.
By upgrading all subdetectors and adding new detection capability it will be possible
to accumulate a sample of 300 fb~! of high energy pp collision data, giving unprece-
dented and unique discovery potential in heavy flavour physics and other areas. The
baseline LHCb Upgrade II detector has been presented in a Framework Technical
Design Report that was approved in 2022. Here, updates are presented alongside
scoping options with reduced detection capability and operational luminosity. The
costs and physics performance of each scenario are discussed, and an overview of
the project management plans is presented.

(©) 2024 CERN for the benefit of the LHCb collaboration. CC BY 4.0 licence,
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The polarized target is part of the LHCb
Scoping Document for the Upgrade |l

The interaction with the LHC experts is
ongoing. The idea is fo submit an
Expression of Interest (Eol) or a Letter of
Intent (Lol) In the next months




Timetable

EAs an independent
. collaboration from

LHCb
LHC Run4
data taking af
fhe IR4 LHC Run5+6
data taking at LHCb
2024 20;26 2q29 20533 2Q35
NOW i | 5 5
LHC LS4
. LAC L33 . time for
time for installing the : installing the
‘apparatus at the IR4: . apparatus at
’ ’ ' LHCb
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Conclusions

1s an 1nnovative and unique project conceived to bring polarized physics at the LHC. It 1s

I_ C exceptionally ambitious, demonstrating remarkable potential for advancing physics
spin
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Conclusions

1s an 1nnovative and unique project conceived to bring polarized physics at the LHC. It 1s
I_ C exceptionally ambitious, demonstrating remarkable potential for advancing physics
spin
It could be implemented within a realistic timeframe (during LHC LS 3 for the LHC Run4
starting 1n 2029-30), and with a limited budget

Additional advantages include a small group of people, international contest, CERN, LHC, ...

It 1s based on the feasibility of employing a gas target, as demonstrated by the SMOG2 project,
and could use a location (IR4) along LHC

It will pave the way for another new frontier 1n spin physics
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