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The only possibility to have
polarised collisions is through
a polarised fixed-target

The LHC beams cannot be —\
polarised

Collisions provided by a TeV-scale beam (LHC) on fixed target will exploit a unique
kinematic region poorly probed. Advanced detectors make available probes never
accessed before
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The LHCb detector

e | HCb Is a general-purpose forward The LHCb Run 3 detector

spectrometer, fully instrumented in 2 <5 <5,
and optimised for ¢ and » hadron detection

e Excellent momentum resolution with VELO +
tracking stations:

6,/p=05-1.0% (p € [2,200] GeV)

e Particle identification with RICH+CALO+MUON
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pp or pA collisions: 0.45 -7 TeV beam on fix target

\/E—\/WNM—HS GV 1: beam; 2: target

Large CM boost, large x2 values (xr<0) and small x1

0.45-7TeV Yems =0 = Vg = 4.8

AA collisions: 2.76 TeV beam on fix target
sy = 12 GeV
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Storage cell
concept
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D " Q LHC

.o beam
Injection

Forward acceptance: 2 <7 <5

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

Openable cell

beam-beam

FLOATING HALF CELL SUPPORT ELECTRICAL CONTINUITY 1

CONNECTED TO THE RF FOIL BETWEEN CELLAND RF FOIL | ..
FRAME ~ o 1|
2. | COIISIONS
= T e, — o I
& I — p. % |
STORAGE CELL e e 3 |
SUSPENSIONS C— e, |
.
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GAS FEED TUBEIN
THE CELLCENTER

CONICAL TRANSITION
FIXED HALF CELL SUPPORT |- .
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It Is The only system
primary vacuum

present in the LHC
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It is the only system
present in the LHC
primary vacuum
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e The system is completely installed (storage cell + GFS + triggers +
reconstruction)

» Negligible |mpact onthe beam Ilfetlme (7 2~ 2000 days , 7f°-AT  ~ 500 h)

beam —gas Cheam— gas

. Injectaoe gases (3+1 reservoirs): Hz, D2, N2, Oz, He, Ne, Ar, Kr, Xe

e Flux known with 1% precision, measured relative contamination 10-4

: T\ VA :' S > | B p .
2\ IR % GFS table installation

/71 /r e } ;?;‘ﬁﬁﬁ:ﬁrt
1:‘ /]h/\ tﬁ: L] ”" [[;!'l[{ ff [[ }

Injection valve PV611
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beam-beam LHCb-FIGURE-2023-001
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SMOQZ works!
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LHCDb is the only experiment able to run in collider and fixed-target mode simultaneousl|y!
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Heavy-lon and QCD phase space
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SMOQ?2 ... few nighiights
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Astroparticle (DM and CR)
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e Main uncertainty still due
to cross sections!

1.4

1.3

1.2p

1.1

estimation with 10 fb-!

arXiv:1807.00603

0.8}

u—PDF

10 10° 10" 10°
xIr I
16 F T peXe Vagy=115GeV I3 16 | " piXe V=115 Gev [T
4 Lop=10 fo™!, L =100 pb” | 4 Lpp=10fb™", L xe=100 pb™ \
. n 3 . E R
t Original =3 N . Original £ &
‘ UE=Ug 2 : Ur=ug 4 \
1.2 | =30y, \ AR 1.2 |\ =30y, N
LI 4 2, 1}
E 3 o E i N
: ] : ]
0.8 [ 3 08 L s
: y/ o ' \
N \Q
06 N 06 \
L E \
0.4 \ 0.4 |
N F q
107 1072 10° 107 1072
X X
Intrinsic charm
N
C : L) 1 T L lllI I L) L) lllll' T L) L) Illl:
o - 13
£= : 18
_8 10—2 |~ With Intrinsic charm<>.-" ™\ —
% el
H— . R
T 5 | Withno Y
X £~ Intrinsic charm &
5 : S
: ; . 3
R - BHPS with CTEQ6.5
—4 | —
= 10 =~ C,C at u = 2GeV
o ; L. ol
o 10— 3 10— = « 10—1 100

HELAC-Onia 2.0

8-
O

0.17 < x,< 0.37

Special Runs

8—8
O O

H

0 +p—p+Xand O+*He - p+X [CERN-LPCC-2018-07]

o
o




spin

L++C a polarised target at % Polarized target

Successful technology based on
HERA and COSY experiments

Challenge: develop a new
generation of polarized targets

SMOQZ Is not only a unique project itself,

but also a great playground for |_ C
spin

\_
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LHCSpW\ experimeﬂ’rd\ SeTUp Target density (H) =7 x 1013cm-2
LHC beam (Run4) = 6.8 x 1018 p s

Lo =8 x 1032 cm-2 s-2

o
| J S e Start from the well established HERMES
== setup @ DESY...
\/ e ... to create the next generation of fixed
- target polarisation techniques!
Sextupole [N -
system - -

Atomic Beam Source (ABS)
I- . — produces polarized atomic

beams

Sextupole -

system

Target Gas Analyzer (TGA)
— measures atomic and

: molecular composition , _ ,
P Breit—Rabi Polarimeter (BRP)

Chopper —
" — measures nuclear polarization
Target Cell ‘ éﬂ‘ QMA
v o el wed [ ...--.
—:::::--":::::_-"iiili_- __nvﬂ'-_llr*-:lfi: -_JQMA
— —
 eam Shter —r N
LHC beam SFT MFT  Sextupole Chopper
system

14 [NIMA 540 (2005) 68-101]




HERMES PGT

Space available in front of LHCb

~ERN LHC P(@
r-
Ld Y




PGT implementation into LHCb

e Cylindrical target cell with SMOG2 dimensions: L =20 cm and D =1 cm

e Full LHCb simulations show broader kinematic acceptance & higher
efficiency in the same position of the SMOGZ2 cell

PGT cell

16

ABS & BRP IN VERTICAL LAYOUT — SIDE VIEW

Atomic Beam Source

Breit-Rabi polarim

V) Carassiti - INFN Ferrara




PGT implementation into LHCb

Transverse polarisation
MAGNET INFO FOR THE CELL ACCESS

e |nject polarised gas via ABS and unpolarised
gas via UGFS yoke

,,,,,

FEED THROUGH SERVICES
"

FEED THROUGHS:
- ABSx1

- BRPx1

- Ugfsx1

- Motors x 2

— J— O
! n.4=.‘:‘n'.4l_——_—' AT AR 2GS
- Thermal sensors x 1 (|

" -gg!\,!ntgmﬁtll!?&ﬁl!!ﬁ%l!!!!'f‘i\‘

coils

AN

B crons

ABS MAGNET IN TWO SEPARATED COILS

- CSHAPE YOKE OR WITH A SIDE
REMOVABLE PLATE

:! — |

e Compact dipole magnet — static transverse field

rface contours: B
1.660342E+00

1.600000E+00

e Superconductive coils + iron yoke configuration fits the
space constraints

= 1.400000E-+00

—— 1.200000E+00

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

H— 1.000000E+00

H— 8.000000E-01

- —— - — i — e .

- 6.000000E-01

H— 4.000000E-01

ﬁ: 2.000000E-01
5.828613E-02 l 7

Possibility to switch to a solenoid and provide
longitudinal polarisation (e.g. in LHC Run 5)



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

Beam chamber

Role of the storage cell coatfing

Carbon thin films

sp3 sp2 ta"C \

low SEY
sputtered a-C y —3 The material of the cell walls must have a low Secondary Electron Yield (e-cloud)

Sp 3 Diamond-like

Bunch spacing (e.g. 25 ns) Tim

o i ; As for SMOG2, Amorphous Carbon is ok. Has it a low H recombination as well?
high SEY

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

J. Robertson/Materials Science and Engineering R 37 (2002) 129-281
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Beam chamber

Role of the storage cell coating g R A

........ _......1,.' e \I &f;' : :!”Q
Carbon thin films AR S~ \
f\(\ x x s3 Diamond-like ' aesiis ——
sp® sp? sp' ta-C ! J ' ]
: Bunch spaci g. 25 n: Timi
low SEY - unch spacing (e.g ns) Im
polymers . .
sputtered a-C y 3 The material of the cell walls must have a low Secondary Electron Yield (e-cloud)

o i ’ As for SMOG2, Amorphous Carbon is ok. Has it a low H recombination as well?
high SEY

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

J. Robertson/Materials Science and Engineering R 37 (2002) 129-281

Eley-Rideal Mechanism

S
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Role of the storage cell coatfing

Carbon thin films

sp3 sp2 ta"C \

low SEY

Sp 3 Diamond-like

s high SEY "

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

J. Robertson/Materials Science and Engineering R 37 (2002) 129-281

Beam chamber

Bunch spacing (e.g. 25 ns)

As for SMOGZ2, Amorphous Carbon is ok. Has it a

Eley-Rideal Mechanism

ow H recombination as we

///}//////
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The material of the cell walls must have a low Secondary Electron Yield (e-cloud)
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Role of the storage cell coatfing

Carbon thin films

sp3 sp2 ta"C \

low SEY

Sp 3 Diamond-like

s high SEY

H

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

J. Robertson/Materials Science and Engineering R 37 (2002) 129-281

Beam chamber

Bunch spacing (e.g. 25 ns)

The material of the cell walls must have a low Secondary Electron Yield (e-cloud)

ow H recombination as we

As for SMOGZ2, Amorphous Carbon is ok. Has it a

Eley-Rideal Mechanism

S
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Beam chamber

Role of the storage cell coating .

Carbon thin films A e :39_9_\_1_--

3 ’ . \ f__.—"' e
(( % : i iﬂ ] S Diamond-like vé_____--
s 6p? ta-C

low SEY

Bunch spacing (e.qg. 25 ns) Tim

o K ron The material of the cell walls must have a low Secondary Electron Yield (e-cloud)
glassy car T A f NN , F no fiims
graphitic

h SRR, As for SMOG2, Amorphous Carbon is ok. Has it a low H recombination as well?
ig

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

J. Robertson/Materials Science and Engineering R 37 (2002) 129-281

Studies ongoing in order to understand if carbon films with low secondary Electron Yield cope with the required “recombination’
rate of polarized H atoms injected in the storage cell

o3 ... or follow the HERMES experience to have an ice coating
(low SEY, low H recombination)

SEY

Backup solution is also being investigated: a jet target
. that provides lower density (~10'2 atoms/cm?) but
TEeia ﬁ . higher polarisation degree (up to 90%) and lower

—&—- SEY @ 5L of H20 - 3
T 5 Systematics

—0—- SEY @ 40L of H20

=

. a'
; ~o- SEY @ 80L of H20
0

100 200 300 400 500 600 700 800 900 2 2
Electron Energy (eV)



The jet target option

Alternative solution with jet target also under evaluation:

* lower density (~10'? atoms/cm?)
* higher polarization (up to 90%)
* Jower systematics in P measurement (virtually close to 0)

SMOG2



IR3 is a great opportunity to perform R&D

The LHC Interaction Region 3 on beam:

-mutual polarised target - beam interaction
(BID, impedance, aperture, ...)
-hardware systems for LHCspin

IR5 (CMS)

Double- L7
crystal setup

on

¥,

IR4 (RF) IR6 (beam .
extraction) \

\
\
1
IR3 (momentum IR7 (betatron ,'.
collimation) collimation) |
!
!

IR2 (ALICE, IR8 (LHCb,
injection B1) injection B2)

S
A IR1 (ATLAS)

~~-—

SMDG?2

(Gaseous  source

targets 1.

LY A——

Slngle- Crystal 1

crystal setup o 1 Double- i -
crystalsetup I

S. Redaelli, PBC General WG, 02/12/2021



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

Multi-dimensional nucleon structure in a poorly explored kinematic domain
Measure experimental observables sensitive 1o both quarks and gluons TMDs
Make use of new probes (charmed and beauty mesons)

Complement present and future SIDIS results

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

25



Quark TMDs

quark pol. Transv. polarized Drell-Yan
U L. T
. He—>
S |U| fi hy
g L 91L | hit |
(é Jir | 917 | ha. hiLT Ha ’

* Sensitive to quark TMDs through TSSAs
T l o -14 ( (
ADY — Lopy — opy Al Imbs I DNT | sin(26=65) hl ® h
P ! — 9 R f‘] ) UT ~ fq R f-q )
O'DY+O'DY J1 @)1 J1 ®N

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

_LHCb has excellent u-ID &
- reconstruction for u*u-

e Extraction of gTM

e Verify sign change of Sivers function wrt SIDIS  fi- |
e Test flavour sensitivity using both H and D fargets

(¢p: azimuthal orientation of lepton pair in dilepton CM )

dominant: g(x;,,,,) + q(Xee) = HTH™

suppressed: g(x;,,,,,) + é(xm,,get) —

Ds does not require knowledge of FF

Tlpy = flT |SIDIS
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gluon pol.

Gluon TMDs
U | Circularly | Linearly
: : —_ . 14
Theory framework well consolidated, but experimental 2 (U f | hy
: - .
access still extremely limited § |L g | hig
- 1g g 9 1,19
=z | T Jir Yir hi, hir
The most efficient way to access the gluon dynamics inside the
oroton at LHC is to measure heavy-quark observables. ; AN ; 0
At LHC heavy quarks are produced by the dominant gg fusion . G, I =
Process
D, Do
Inclusive quarkonia production in (un)polarized pp interaction Ug 4 ]’/ V. v
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 ¢,
07



gluon pol.

Gluon TMDs
U | Circularly | Linearly
. . — 1
Theory framework well consolidated, but experimental 2 |V A hy*
: . & g Lg
access still extremely limited 8 L G | Mg
2 Lg g g 3,1g
=z | T fir Yir hi, hip
The most efficient way to access the gluon dynamics inside the
oroton at LHC is to measure heavy-quark observables. ¢ & reen 0
A H(" heo N1 1ArkS Are NDroo a hy the dominant ac TaYa el W G
0.8
%z M 2years Lﬁs(j B 0.0152 * B J/W I_ﬁc
< 06 - ® 1 year ] = p spin
: s 4 monthe ‘L . 0.011 Yops ~ 05 Ly ~10pb , TPol ~0.85
. . 04 - < .
Gluon-induced asymmetries N E0.008¢

b lg 0 : Z
(unconstrained A% + f¥) accessible 0__”._++,_++__+,__,ﬁ of .t + L] .
1 I \&\

by, e.9., di — J/¥Y or Y production  -02¢ | D

- -0.005¢ @

| -04 - P
: EPOS+Pythia MC - «
_06 - pp Vs = 115 GeV -0.01f \@O

_0-8 : 1 1 1 1 | 1 1 1 1 | _O 015: , , . 1 , $l®® , 1

0 0.5 1 0 5 Q@** 10

xdi-J/w ... more probes: 4., ¥ xp, - - - P, [GeV]

Qg rorsafion can nold ar large gy



Probing the Sivers function

gluon pol.

(D°, 5o U  Circularly | Linearly

N V. A !
O @ JaIRS =3
S . § L g | My
PO 2T A o (M m

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

lo'—0

Ay

Sensitive to color exchange among IS and FS, and gluon OAM

- Po'+o

l
) X [f1-|7-‘g (xa»kLa)®fg (xb» klb)@ddggaQQg] Sin ¢S + ...

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

ppT =/ X
0.15_! | r T -J_1 T T 1 1 111

0 - pr=2GeV o Vs=115GeV

0.05 |

-0.05 f

0.1 F

[€T09€0 (6T0Z) 66 Q¥d]

-0.15 -

Predictions for J/¥
production based on
GPM & CGI-GPM
Expected amplitudes
could reach 5-10% in the
xr < 0 region
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pp = J/YX (J/Y - up) )
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LHCspin event rates

Precise spin asymmetry on J/¥Y — u"u~ and D® — K=z for pHT collisions in just few weeks with Run3 luminosity!

Statistics further enhanced by a factor 3-5 in LHCb upgrade |l
weeks of data-taking (1lw=84h)
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
| H-C Polarisation degree:
0.035- N P =1.00 £ 0.00 [1.4
P=0.8 = 0.08
0.030 - — P=0.6x0.06 |12
.025 - 11,0 3
0.025 LHCspin gas: H 1.0 <
0=3.72e+13 cm™? I
2 0.020 - Based on pHe SMOG results | 5 g e
3 ®
<
0.015 - - 0.6 gz
0.010 - - 0.4
0.005 - - 0.2
20000 40000 60000 _ 80000 100000

< Jly-u*u~ yield / polarity >

=

weeks of data-taking (1lw=84h)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
| HC Polarisation degree:
0.035 1 PN P =1.00 £ 0.00 [ 1.4
P=0.8 = 0.08
0.030 - — P=0.6x0.06 |12
0.025 - 1.0 3
LHCspin gas: H 1.0 ot
0=3.72e+13 cm™? I
0.020 - Based on pHe SMOG results | 5 g e
©)
<
0.015 -~ - 0.6 gz
0.010 -~ - 0.4
0.005 - - 0.2
0 20000 40000 60000 80000 100000

reconsfructed particles
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A TSSA analysis at LHCspin with J/'¥ - u™u~ events (toy model)

TSSAon J/W — u u- TSSAon J/W — u u-
> = e w2 / ndf 2.516/6 - _ e v2 / ndf 2647 /6
408_5 0.2 - N = 29432 events | al 0.08961+ 0.0127 g 0.2 - N = 68624 events | \ al 0.09262 + 0.009659
% 0 152_ x_ €[0.70,-0.09] a2 0.01821 + 0.0207 % 015 = x_ €[-0.70,-0.09] a2 0.01614 + 0.009991
< = p. €[0,1500] MeV < - p. €[1500,6000] MeV
0.1— 0.1
0.05— 0.05(—
0 :— N ] ) . 0 :_
~0.05— ~0.05—
~0.1— ~0.1
— — Total —
~0.15— - - - asin(®) ~0.15[— - - - asin(®)
E = = - a,8in(20) E - = - a,8in(20)
_02 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | _02 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-3 _2 1 0 1 2 3 -3 -2 ~1 0 1 2 3
[JHEP 12 (2020) 010] o ¢

J/W — utu- it results ulf; al J

1 T—Z Pr —Pr\ . zT—Z Pr —PT\ . . o 0.18
= - |1+ + as + a: sino®+ | by + b + b- sin 20 E = events with P = 1.00
i 2 [ (al ' Lmax B PT mazx o 1 ) L'mazx ; PT mazx . g 0.16(— 30?\?21 ranget=[-:17(F)),-4;(.)(])Or;r:.OO Pr € [0,1500] MeV
% : data-taking time: 12.4 weeks (1w = 84h)
0.14 :_ Luminosity: 0.5 fo" at L = 1.4x10% cm2s™
e Full LHCb simulations of J/¥ — u*u~ in pH collisions — emulate the target 0.12 *
polarisation by assigning a 1 | tag according to a given model. In this 0.1 + + +
example: 10% asymmetry on sin¢, 2% on sin2¢ + mild x., p dependence 0.08
0.06(—
e Fit the polarised data with the sum of two Fourier amplitudes (q,, a,) in ooar
e Within this statistics, corresponding to ~ 3 months of data-taking, o

/—\> A N ~ O . 1 i O O 1 -0.02 x¢ €[-0.70,-0.09] X¢ €[-0.09,-0.06] X¢ €[-0.06,-0.04] X¢ €[-0.04,0.05]


https://arxiv.org/abs/2007.07755

Knowledge of the polarisation degree

AP =5% AP =20%
e To estimate the systematic error due to the (MeV) N .
measurement of the polarisation degree, the p% TE00 5 7OFO 00T T 0,089 lLl 0013 Pt (Me\_/) I ai
analysis is repeated with different AP e - ' U,1500 -0.70,-0.09) | 0.087 x 0.014
Y p 0,1500 -0.09,-0.06] | 0.104 =0.012 0,1500] ~0.09.-0.06] | 0.103 & 0.016
e Very relevant for the R&D (e.g. cell vs jet 0,1500] | [-0.06,-0.04] | 0.098 & 0.013 0,1500] | [-0.06,-0.04] | 0.097 + 0.016
target). With the shown analysis* : 10,1500] | [-0.04,0.05] | 0.117 4+ 0.014 0,1500] -0.04,0.05] | 0.114 £0.017
o L 1500,6000] | [-0.70,-0.09] | 0.092 £ 0.010 1500,6000] | [-0.70,-0.09] | 0.090 & 0.013
e 5% error (realistic value) — negligible effect 1500,6000] | [-0.09,-0.06] | 0.108 & 0.011 1500,6000] | [-0.09,-0.06] | 0.108 & 0.015
e 20% error — 30-40% of the stat. error 1500,6000] 1 1-0.06,-0.04] | 0.105 £ 0.012 1500,6000] | [-0.06,-0.04] | 0.104 £ 0.015
| 1500,6000] | [-0.04,0.05] | 0.105 = 0.012 1500,6000] | [-0.04,0.05] | 0.102 + 0.015
e 50% error — syst. dominated
TSSAonJ/¥ — u'u- TSSAon J/¥ — u'u-
> - x® 1 ndf 2.516/6 - . %2 / ndf 0.4204 / 6
g O N = 29432 events at 0.08961 = 0.0127 = N = 29432 events ai 0.08697 = 0.02237
%‘ 015/ X €[-0.70,-0.09)] a2 0.01821 = 0.0207 % 0150 X €[-0.70,-0.09] a2 0.01999 = 0.02408
< F p, €[0,1500] MeV < F p. €[0,1500] MeV
0.1— 0.1
0.5 0.05
—o.osf— —o.osf—
-0.13— -0.13—
- — Total u
~0.15— - = - asin(®) ~0.15—
E AP — O % - = - a,;sin(20) E
B S B N | I 02 | 1 1 1
-3 -2 -1 0 1 2 3 -3 -2 -1 1 3
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Accessible already with SMOG2
UPC Ond QGPDS for the unpol part

can be accessed at LHC in Ultra-Peripheral collisions (UPC)  :Recall: 5
:-barely explored high-xs region:
.-moderate Q2 ‘

i
- 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]
Exclusive meson production Timelike Compton scattering (TCS)
hard scale = quark mass (access via angular modulation) . p . . .
hard scale = large g2 (in practice few GeV2) LHCspin could allow to access the GPD E¥ (a key ingredient of the Ji sum rule)
1 rl
7 =5 [ do(H0(0,6,0) + B2(2,6,0))
3D maps of parton densities in coordinate space | _ . - 0
GPD | U | L 1 10 10 N
g’ J/¢, total uncertainty on cross section, assuming 4% uncertainty on lummnosity
U H Er " & o | |
~ ~ E 0.0 g 0.0 g PP pD pAf pKr pxe
L H Er = g S 10 % - 5 % 5 % 5 %
T | E|E | Hrp, Hr Pbp PbAr

-10 -05 00 05 1.0 B R TRV T 10 |
S %

by (fm) by (fm)

33



Spin physics In heavy-ion collisions

lead ions pol. deuteron

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 SNN = 72 GeV
the orientation of the formed fireball by measuring the elliptic flow
relative to the polarization axis (ellipticity).

Predictions for LHC FT kinematics \
221816 14 12 10 9 8 7 6 5 4 W3
| |

unpolarized d+A dt+A "eﬁo_og'i" L T
=, 8pp + d', |5, =72CeV
;0.06
X ‘S
S 0.04
o
Y 0.02
v2{®Pp}=0 v2{®p}<0 vo{Dp}>0 0 —
| | : -
Unpol. deuterons: the  j; = +1 — prolate fireball Jj3 = 0 — oblate fireball 002 '__,__,_l'
fireball is azimuthally stretched along the pol. corresponds to v, > 0 I
symmetric and v, = 0. axis, corresponds to v, < 0 ~0.04F

lllllllIlllllllllllllllllllIlllllllllll
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

centrality

34

[TOo6¥20 (020Z) TOT D¥d]
)ezog J1old ‘Dsmoiuolg yosiolopn



INnfernational fromework and feedback

Several experiments dedicated o spin physics, but with many limitations:
very low energy, no rare probes, no ion beam, ... * LHCspin is unique in this respect

—— —— = e e ————— — = — — — —— —

LHCspin Is complementary to EIC

[D. Boer: arXiv:1611.06089] unpolarized gluon TMD TMDs (Sivers) [D. Boer: arXiv:1611.06089, D. Boer et al. HEPJ 08 2016 001]
DY | SIDIS | p' A= hX | pPA—=s~y®jetX | pTlp s y7vX ep' 5 e’ QQX
pp— J/YyyX ep' =€ jija X
| p'p— J/YJ/pX

flng [+.+] (WW) X X X X Vv I Vv

i op) | v| Vv v N x X

DIS | DY | SIDIS | pA = yjetX | ep = QQX | pp = nep X | pp— J/vy X
ep—>ejijpeX | pp>HX | pp>TyX

| AT oww) | x X X X V4 Vv v
FRR O N VA VA Y v X x .

linearly polarized gluon TMD

_ R f1ng[+'+] (Weizsacker-Williams type or “f-type”) - antisymmetric colour structures
pp =y X | pPA—=7"jetX | ep—=eQQX | pp—=nep X | pp— /by X

Can be measured at LHCspin

— - R— _ — - — = — —

“Ambitious and long term LHC-Fixed Target research program. The efforts of the existing LHC experiments to implement such a
programme, including specific R&D actions on the collider, deserve support”(European Strateqy for Particle Physics) \‘0

\C
“This would be unique and highly complementary to existing and future measurements in lepton-proton collisions, 6‘a
because the asymmetries in question have a process dependence between pp and lp that is predicted by Theo%ﬁERN
Physics Beyond Collider) GQQ
e

35 A"\

ToF. ] ep—eijaX | pp > HX pp > Ty X flLTgH’_] (Dipole s type or “d-type”) - symmetric colour structures

hy 777 (WW) v X v Vv v

L [+,_] .

hy T (DP) X N | X X X Can be measured at the Electron lon-Collider (EIC)



The polarised physics is very alive and will benefit of complementary probes,
from LHC to EIC

b
%‘] { '—ﬁ,&

Fixed target physics at LHC is an exiting reality

SM Oq 2 already operative and taking unpolarised data

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

extremely ambitious in terms of both physics reach and technical complexity. It could be

installed 1n a realistic time schedule and costs
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SMOG2/LHCspin pertormances

% 30000
o !oeam—bgam anpl beam-gas %’25000
iInteraction regions are well =
20000
detached >
e Negligible increase of multiplicity: 15000
1 — 3% throughput decrease when 10000
adding beam-gas to the LHCb 5000
event reconstruction sequence
0
EE 1.2
= 1
. | S 03
e Full reconstruction efficiency =
(PV & tracks) retained in the s 06
beam-gas region S 04
2 02
0

LHCb IUp'gra'de simulation

beam-beam collisions

/

/ 3 .
=—— beam-gas collisions
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LHCb is the only experiment able to run in collider and fixed-target mode simultaneously!
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