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Spin physics at the LHC?

A Worldtop energies

A highluminosity

A pandionbeams

A highlysophisticated
state-of-the-art detectors

A X
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Spin physics at the LHC?
Isit possibleto do spinphysicsat the LHC?

A Worldtop energies

A highluminosity

A pandionbeams

A highlysophisticated
state-of-the-art detectors

A X

U TheLHObeamscannotbe polarized mmp needa polarizedtarget

0 Xwhich must not affect (degrade)the mainstream collider operation
(beamquality, machinevacuum,detectorsperformance backgroundgtc.)
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Spin physics at the LHC?
Isit possibleto do spinphysicsat the LHC?

A Worldtop energies

A highluminosity

A pandionbeams

A highlysophisticated
state-of-the-art detectors

A X

U TheLHObeamscannotbe polarized mmp needa polarizedtarget

U Xwhich must not affect (degrade)the mainstream collider operation
(beamquality, machinevacuum,detectorsperformance backgroundetc.) //

U Agaseougiolarizedtargetisthe only viable solution!

U Xandthe LHClspectrometeristhe perfectplaceto hostit.
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Spin physics at the LHC?
Isit possibleto do spinphysicsat the LHC?

A Worldtop energies

A highluminosity

A pandionbeams

A highlysophisticated
state-of-the-art detectors

A X

U TheLHObeamscannotbe polarized mmp needa polarizedtarget

U Xwhich must not affect (degrade)the mainstream collider operation
(beamquality, machinevacuum,detectorsperformance backgroundetc.) //

U Agaseougiolarizedtargetisthe only viable solution!

U Xandthe LHClspectrometeristhe perfectplaceto hostit.

~——— L{IC project

spin
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LHCD fixed -target setup

U Since 2015 LHCbcan also be operated as a fixed-target
experimentwith the SMOGsystem by injecting low pressure
noblegasegHe,Ne, Ar) into the VELQressel

U Unique opportunity to study pA/AA collisions on various
targetsexploiting the high-energy,high-intensity LHCbheams!

' as (He, Ne, Ar
- gas (He, Ne, Ar) lead ions gas ( )

e B ..

py P A — <
W/SNN=113 GeV ‘ ‘ ~ \/m=72GEV
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LHCD fixed -target setup

Side View

Magnet SciFi RICH2

U Since 2015 LHCbcan also be operated as a fixed-target |
experimentwith the SMOGsystem by injecting low pressure
noblegasegHe,Ne, Ar) into the VELQressel

U Unique opportunity to study pA/AA collisions on various
targetsexploiting the high-energy,high-intensity LHCbheams!

i He, Ne, A
protons gas (He, Ne, Ar) lead ions gas (He, Ne, Ar)
~ > < ‘& et \,% > < ‘g\
W/SNN - 113 GeV (uO‘ \/m =72 GeV
1()7[ i — R ———
| 8.16 TeV pPb Other Collision Systems

.| E LHCb | LHCb 110 GeV
10°) mmm ATLAS/CMS NN HERA
| BN ALICE
l()"l £33 ALICE Muon

| Po
"gm‘! &‘a -n ||||
"Qal()"!

FTkinem. with . 8 i "HN
A Vi p@mOQw

A o8t o Tt

Aw mn

A intermediatelarge®

A intermediate0

l()"'l
10'|
Gluon saturated region

10 10° 10  10°* 107 10" 10
&£

L. L. Pappalardo SaWors2025- 4th SardinianWorkshop on SpinPula (Cagliari) 213 June 2025



LHCD fixed -target setup

U Since 2015 LHCbcan also be operated as a fixed-target

experimentwith the SMOGsystem by injecting low pressure

noblegasegHe,Ne, Ar) into the VELQressel

U Unique opportunity to study pA/AA collisions on various

targetsexploiting the high-ene

protons

gas (He, Ne, Ar)
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rgy,high-intensity LHCbeams!

gas (He, Ne, Ar)

lead ions

'&;3 > ®
-

VSNN = 72 GeV

FTkinem. with . 8 i "HN
A i p m'OQw

A o8t o Tt
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A intermediatelarge®
A intermediateV

Side View

Magnet

SciFi RICH2

Beam Energy

2500 GeV
B 4000 Gev
5500 cev

pHe pAr pAr PbAr pHe pHe pNe
I 2016 | 2017

2 2
| IIIIIII|| IIIII|'|T| IIIIIII1 IIIII|'|T’_

pNe
2015

protons (Pb) on target [10%]

pNe PbNe
| 2018

Many interesting publishedanalyses
A Antiproton prod. crosssectionin p-He
A Charmoniunproduction inp-Ne and PENe
A Open charm production ip-Ne and PiNe

L L Pappalardo
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The SMOGZ2 upgrade

[SMOG2 TDR]

Technical Design Repo

U 20cmstoragecellfor the target gasinstalled upstreamof the VELO
0 Brandnew, more flexibleandsophisticatedsasFeedSystem (GFS)

Target profile

@450 GeVY @ 7000 GeV

g

L. L. Pappalardo
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The SMOGZ2 upgrade

[SMOG2 TDR]

U 20cmstoragecellfor the target gasinstalled upstreamof the VELO
0 Brandnew, more flexibleandsophisticatedsasFeedSystem (GFS)

Target profile

FoN
Bea =
_&_ O o

@450 GeVY @ 7000 GeV

more gas species: 'OHO FO'Q) ) A) ® 1 0 1AT A"
target density increased by large factor (up to 30)

precise density (luminosity) determination

negligible impact on LHC and LHCb performance

To To Do Do o

can run un parallel with collider mode!

Technical Design Report
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Early 2024 SMOG2 data

Candidates

A FT and collider interaction regions
are very well separated!

A LHCHs now the first (unique) LHC
experiment with two simultaneous
interaction regions!

200

L. L. Pappalardo
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Early 2024 SMOG2 data

e e 67 A FT and collider interaction regionsz oo — pv,>-300mm (i :
o FH are very well separated! g o — PV, <-300mm (1) 0) E
B 006 |- =
120 — . . . z E O « u ]
W socmon | A LHCHs now the first (unique) LHCZ oos| ° ]
| experiment with two simultaneous” ** E
60 . . . 0.03 | — —]
LAY H interaction regions! b E
F o ] A ... with comparable resolution! R g
-600 -400 —200 a 200 0 200 50 I prs I o I 60@)
M [MeV/c?]

L. L. Pappalardo SarWors2025- 4th SardiniarWorkshop on SpinPula (Cagliari) 313 June 2025 13 '



Early 2024 SMOG2 data
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A FT and collider interaction regions
are very well separated!

A LHCHs now the first (unique) LHC

Candidates
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U SMOG4s performing very well!
U Largebeamgas sampleslreadycollectedin 2024with all available gases!

T
LHCb | 2024, (sxx=709Gev [ 2024, 5= 113 Gev

——— 2016, {5 = 110 GeV 2017, ysy, = 68.6 GeV

10°
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Integrated luminosity [nb™]
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pH, rD, pHe pNe pAr PbNe PbAr
Collision system
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Early 2024 SMOG2 data
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U SMOG4s performing very well!
U Largebeamgas sampleslreadycollectedin 2024with all available gases!

Mo \ ’ AT y O ¢ ‘ AT
s 10°E LHCb [ 2024 (ne=709Gev [ 2024 sn=113Gev 2 O Owv Ul ¥ O n

= E 1 i

— 5L ——— [ N a E ' 3 a L —~ 240 T'O T

2.“ 10 = T 2016 (e =110GeV 2017, Yoy = 68.6 GeV : § zggg E LHCD preliminary E § 1000 n A LHCb preliminary ] '\lt.‘) 220E LHCb preliminary

= 104 2016, {5 = 86.6 GeV 2015, sy = 110GeV | ﬁ 3 p-Ar 2024, pAr (s =113 GeV3 %) C p' r 2024, pAr s, = 113 GeV 1 % 200 2024, pH,

o : : E 7000 E 800 7 = 1B0F sy =113GeV

g 10 | 6000 S o 160E

= - E ~ F m Dt =) E—$— Data

g 102 $ 5000 — 600r — Signal + background g 140g o

s 10 1 — 120 Signal + background

— 3 < E L r +-== Background @ F - =

- - k=) 4000 = _8 400 L — Signal ] L 100 e Signal

‘q-'cé I 0 E| g 3000 ;_ - 'g L g 28 g_"' = Background

21 i Q200057 T S 200F 1 & 40f

5] B 1000 L O 9

E 10—1 4 0 E_1 I 1 0 il el b R s . 0 i )

] 1800 1850 1900 3000 3100 3200 1100 1110 1120 1130
]0—2 ] m(K %) [MeV/c? m(ut) [MeV/c?] m (pm) |MCV/02]
pH, rD, pHe pNe pAr PbNe PbAr
Collision system LHCH-IGUREZ024005

L. L. Pappalardo SaWors2025- 4th SardinianWorkshop on SpinPula (Cagliari) 213 June 2025


https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697

The LHCspin project

TheLHCspirproject representsthe natural evolution of

SMOQ@ andwill allow for the first time to perform spin

physics measurements at the LHC through the

Implementationof a new-generationpolarizedgaseous
target in the LHClspectrometer

Pol. target

I_ C Unpol. target
. (SMOG2)
spin

lead ions

protons protons, deuterons
m\ protons, deuterons
—— s -
< 2y
.
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The LHCspin project

PhysicdMotivations

TheLHCspirmproject representsthe natural evolutionof ~ Study multi-dimensional nucleon structure at
SMOQ@ andwill allow for the first time to performspin  unique kinematic conditions (backwardCMregion,
physics measurements at the LHC through the  poorlyexploredlarge-wregionatintermediate0 )
Implementationof a new-generationpolarizedgaseous

target in the LHClspectrometer

Pol. target

I_ C Unpol. target
(SMOG2)

spin

rotons protons, deuterons
p

— —1
JSun = 113 GeV

lead ions

pl’OtOl’IS deuterons
’ﬁ’“" — F
\/Syn = 72 GeV

L L Pappalardo
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The LHCspin project PhysicsMotivations

TheLHCspirmproject representsthe natural evolutionof ~ Study multi-dimensional nucleon structure at
SMOQ@ andwill allow for the first time to performspin  unique kinematic conditions (backwardCMregion,
physics measurements at the LHC through the  poorlyexploredlarge-wregionatintermediate0 )

Implementationof a new-generationpolarizedgaseous

target in the LHClspectrometer Points ofstrenght

V use of wellestablished polarized gas target
technologyo | 9wa9{ ¥ 59{, 62 |

V marginal impact on LHC beam lifetime aihéiCb
mainstream physics program and performances

Pol. target

V can run in parallel with collider modéwell
displaced interaction regions)

LﬁC ”'(‘g‘h’n'btg’get V can benefit from both protons and ion beams
spin .. . :
P V allows also injection of nofpolarized gases (&

protons protons, deuterons SMOGZ)"O FO H'O'ﬁj Fﬁ Fﬁ !@ ‘lFll) ‘IF[’}‘J !Q

H— (——f F og:-l‘ﬂ_) (___1\ # V broad and unique physics progragnext slides)
JVSnn = 113 GeV JSnn = 72 GeV
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Nucleon tomography in momentum space: TMDs

Transverse momentum coordinates

02 04 06 08
Quark transverse momentum (GeV)

CourtesyQuantOmCollaboration

A Describespinorbit correlationsof the form ®¢(lp )
A generatedistorsionsof the parton densitiesin transversemomentumplane(e.g. Siverseffect)
A canprovidesensitivityto unknown parton OAM!
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Quark and gluon TMDs

o |

Owa9

quark pol.
U | L T A 8 independent quark TMDs at leadiryist
'é Ul A hi- A significant experimental progress in the last 20 years!
s |1 gir | hiy AYIAYy NBadzZ Ga FNRY {L5L{
Té T | Fis ' gir | b1, hiy | A many phenomenological extractions available from global analyses

L L Pappalardo
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Quark and gluon TMDs

quark pol.
U | L T A 8 independent quark TMDs at leadiryist
S |U| f1 hi A significant experimental progress in the last 20 years!
g | L gir | hig AYlLAYy NBadzZ 6a FNRBY {L5L{ o661 9wa?9
Té T | Fis h gir | k1, . | A many phenomenological extractions available from global analyses
gluon pol.
U | Circularly | Lincarly | A 8 independent gluon TMDs at leadirtwist
T|U| ff hi? A Similar notation, but important differences! T-eyflen T_Od(:
§ L g%, hid A different naivetime-reversal properties 1‘ - -
E T fi9| g% | kY hig A Experimental access still very limited! ' '

L L Pappalardo
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Quark and gluon TMDs

quark pol.

| L T
S |U| f1 hi
g |L g1 | hig
E T | f 1J§r gir | ha, hi‘T

gluon pol.

U | Circularly | Linearly
T|U| ff hy?
E L 9ir hi‘f
é L ‘#‘; gir h“;’:h#’

L++C

spin

A 8 independent quark TMDs at leadiryist

A significant experimental progress in the last 20 years!
AYIFAY NBa&adzZ 6a FNRY {L5L{ o1 9wa9
A many phenomenological extractions available from global analyses

A 8 independent gluon TMDs at leadiryist

A Similar notation, but important differences! T-even | T-odd
s , "

A different naivetime-reversal properties A v ! ;
, H ;

A Experimental access still very limited! ) ! '

Polarized hadronic collisions withHCspirmoffer a complementary approach!

A Measure experimental observables sensitive to bgaarks and gluons TMDs
A Make use of new probes (charmed and beauty mesons)
A Test nontrivial process dependence of quarks and (especially) gluons TMDs

L L Pappalardo
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Quark TMDs

quark pol. Unpolarized DrelYan A Theoretically cleanest hardihscattering process
A LHCDb has excellehtID & reconstruction for °

U L T
= f it A dominant n(® ) Ao )o ¢
o, 1 1 .
£ g hi A beam sea quarks probed at small
1L .
S T ILL A target valence quarks probed at large
= it | g1t | b, hip
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Quark TMDs

nucleon pol.

quark pol.
U L T
f1 hy
g1z | hig
fﬁr air | ha, h’i_T

Expected mass resolution
X p Qdng O

LO0Qw

wof- 2 <M, <5 GeV

400

100~

htemp

Entries 13570

Sitd Dew 1244
Constant 4445

#ﬂn“""‘"" ===gr4011
igma 10.97

-0.01197

40
MM | MeV |

Unpolarized DrelYan

A Theoretically cleanest hardhscattering process
A LHCb has excellenhtID & reconstruction for °

A dominant n(® ) Ao )o ¢

A beam sea quarks probed at small

A target valence quarks probed at large

L. L. Pappalardo
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Quark TMDs

quark pol.
U L T
3 f1 hi
5 ht
D giL B
@]
g flLT agir hl: h’i_T

Expected mass resolution
X pTO Qdag O L0Q®

htemp
Entries 13570
Mean -0.01197
Std Deaw 12.44
Constant 4445

#ﬂn“""‘"" ===gr4011
igma 10.97

wof- 2 <M, <5 GeV

400

100~

M_I:EM.M [MeV]
Sensitive tounpol. and BM TMDs
Q  ° &0 Aicwma"iq"

Unpolarized DrelYan

A Theoretically cleanest hardhscattering process
A LHCb has excellenhtID & reconstruction for °

A dominant n(® ) Ao )o ¢

A beam sea quarks probed at small

A target valence quarks probed at large
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Quark TMDs

quark pol. Transv polarizedDrell-Yan A Theoretically cleanest hardh scattering process

A LHCb has excellenhtID & reconstruction for °
U L T
= f i A dominant A(w ) Rl )O*
a9 L 1 ;
£ g hi A beam sea quarks probed at small
1L 1L .
S A target valence quarks probed at large
= e g hi, hi:
= 1 | 1T 1 1T
Expected mass resolution Sensitive to quark TMDs through TSSAs

x pTO Qdag O  0LOQK " " L

E Fiemp 6 p " ” ASI'}'IQ')S f ! F] Sfﬁ(ch)—(ﬁg) hf-q ® h? -
wf- 2<M,, <5 GeV e oo = ur "~ : uT N o
£ oo o," 7 ffq ®f fief
oE . arxiv:1807.00603
2oof- TEacM, <96V aM-05Gevi? ]
1sof- 0.05F 3
1m§ "ii“}E _________ -
ok 40 @ - -0 0 gz 30 E_ZO 05 S EIKV

= [MeV - R i R -
e <_0.f - = Esmois
FL,=10fb" S = =2<yr<3 ]

Sensitive tounpol. and BM TMDS v 0I5 ol P08
Q °in Aicn"dn"

'_p+p Is = 115GeV *4<Yw<5 _5

01 02 03 04 05 06 07 08 0.9
f
X
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Quark TMDs

quark pol. Transv polarizedDrell-Yan A Theoretically cleanest hardihscattering process

ul L T A LHCDb has excellehtID & reconstruction for °
= £ ! A dominant n(® ) Ao )o ¢
O, \
£ g hi A beam sea quarks probed at small

1L 1Lk .
S A target valence quarks probed at large
= fLﬂ gir | ha, his
= | 3 1T
Expected mass resolution Sensitive to quark TMDs through TSSAs

x pTO Qdag O  0LOQK " " L

s Rtemp © p " ” ASI'H(‘.')S - f ! ~ 55“(2?’7—953) N hf-q ® hclil -
4502— 2<M,, <5 GeV EE;‘E; 4_5;;%%% 0] E " ] 3 UT ' iq ®' 1{1 h UT ﬁq @ﬁq

Constant 4445 n
A1 1
10.87

[arXiv:1807.00603] _
v <oGe aasosomie T 1 A In DYextractionof gTMDsdoesnot

requireknowledge of FF

A Verifysignchangeof Siversunc. wrt SIDIS

40
MM | Me \.rl

1 1
fiT'm' — _flT'SuJ;S

Sensitive tounpol. and BM TMDs

. . A Testflavoursensitivityusingboth H and D
Q a0 Alcdwa"gaq"

targets

0 01 02 03 04 05 06 07 08 09
f
X
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Gluon TMDs

gluon pol.

U | Circularly | Linearly
= i
g U fi hy?
a
3 L 9ir hyf
g oL 1
g |\ T|fi7 gir hi, hir

In high-energyhadroncollisions heavyquarksare dominantlyproducedthrough ggfusion
g c.b

g - the mostefficientwayto accesghe gluondynamicanside
the proton at LHOsto measureheavy-quark observables

L. L. Pappalardo
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Gluon TMDs

gluon pol.

U | Circularly | Linearly In high-energyhadroncollisions heavyquarksare dominantlyproducedthrough ggfusion
3 |U f hit ! ¢b
o . . .. .
= " 7 g - the mostefficientwayto accesghe gluondynamicanside
S | L 911 h
= the proton at LHOsto measureheavy-quark observables
=5 rLg g 9 pi9 =%
2 | T|Jir it hi, har g c.b

PolarizedgTMDscan be accessed through TSSARGtusive

Lty 18 heavy meson production
& . L}H—nkﬁ
y F " 8
o - | b6 L0 [ (0fi e AR )] oBe E

SR
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Gluon TMDs

gluon pol.

U | Circularly | Linearly
= i
g U fi hy?
a
3 L 9ir hyf
g oL g 31
= T \fir gir hi, hir

In high-energyhadroncollisions heavyquarksare dominantlyproducedthrough ggfusion
g c.b

g -

the mostefficientwayto accesghe gluondynamicanside
the proton at LHOsto measureheavy-quark observables

PolarizedgTMDscan be accessed through TSSARGtusive
heavy meson production

U o —,
w% @ \irnis NUA
(¢ 6 =50 [Q (@R )Ewie)]oBh E
\- ppl =1+ X
e 115 Gev ' ' I 0or= R risaiusbrvege-
06 p-3cey [Phys.Rev. D 102, 094011 (2020)] - LHCspisimulation " prne a0
. . . e ) T
GluonSiversfunction: Dap b NP U @ @r © 0 ) iy
. ) . . 0.2 Tl = gL
A Shedslight on spinorbit correlationsof ., ,——— o
unpol. gluonsinsideatransv pol. proton 02} . oy 1 eeE
CGle -type =
. . aak CGINRQCD d-type ] 0.0z
A issensitiveto gluonOAM N Lﬂ»C ORI -
Bl T spin GPMNRQUD -+ ] 001
08 It 1 1 A M GSM i s N T B
0.3 02 0.1 ] 0.1 0.2 0. %2 035 03 025 -02 015 -01 -00s
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Probing the gluon TMDs

TMD factorization requiresfy 0 L 0 . Canlook at

associatequarkoniaproduction, where only the relative

A needsto besmalle.g: A" © Gr d4r
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Probing the gluon TMDs

TMD factorization requiresfy 0 L 0 . Canlook at
associatequarkoniaproduction, where only the relative
J4 v v U ’- ’. n
N needsto besmalleg: N~ © Ul Y[

do

A2 A2

dMgodYgod?Pgg,d2 ~  (27)?8s M3,

{Fl{ﬂfgg-.ﬂcs} C[fffﬂ(:ﬁl:e-. Pogr) +F2(Mgg, fcs) C[H-‘zfﬁgh-fﬂ{iﬁaaPQQ-:—II

+(F3(MQQ._5C5} Cluwaf{hi?| (w12, Poor)+ Fj(Mag,fcs) C|uwhhi® ff| (xl__g,ng.J)) cos2¢cs +Fi(Mag, fcs) C|wihi?hi?| (z12, Pogr) cos 4¢c5}

gluon pol.

U | Circularly | Linearly
— di
g U fi hy*
=
g L 9ir f ”fg
2 . 1
2 | T|fid Jir hi, hir

L. L. Pappalardo

SarWors2025- 4th SardiniarWorkshop on SpinPula (Cagliari) 313 June 2025 32 '



Probing the gluon TMDs

TMD factorization requiresfiy 0 L 0
associatequarkoniaproduction, where only the relative
i needsto besmalle.g: Af" © G A

AT2 AT2
M3 —4M

do
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Probing the gluon TMDs

TMD factorization requiresfiy 0 L 0

associatequarkoniaproduction, where only the relative

A needsto besmalle.g.: A" © U

AT2 AT2

do

dMgodYogd? Pog,d2
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(cos 2¢cg) = —0.029 £ 0.050 (stat
(cos4pcg) = —0.087 £ 0.052 (stat

T To To T

) £0.009 (syst)
) £0.013 (syst)

azimuthal amplitudes consistent with zero

a few% asymmetry cannot be excluded
uncertainties statistically dominated

But very challenging at fixedrget kinematics
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GPDs: a complementary approach to the nucleon tomography

Transversanomentum coordinates Halfl«[le]g
tomography in
mom. space

nucleon
tomography in
coord. space

CourtesyQuantOmCollaboration

quark pol.
GPD | U | L T U L T
U H Er é Ul A hy
~ ~ =
L lif ET~ § L giL hiy
Q
T E | E | Hr, Hr = b 917 | Biy G
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Gluon GPDsand UPC

GPD I T GluonGPD<an beaccesseat LHC irltra-Peripheralcollisions(UPCwhere a
guastreal photon is emitted by the relativistic beam parti@RD 85 (2012), 051502]
u Er At LHCenergies these photonsare energeticenoughto triggerthe production
L H Er of hard dileptonsand charmoniaand bottomonia.
T E | Hr, Hr - Impactparameterlargerthan sum ofradii

- Procesglominatedby EM interaction
Gluondistributionsprobedby pomeronexchange

A A A A
photon flux«Z2
Y CC J/l/) Y cC J/l/)
] 1
. i

A A A
CoherentUPC: IncoherentUPC:

pomeronemitted by pomeronemitted by
entire nucleus singlenucleon

L L Pappalardo

SanWors2025- 4th SardiniarWorkshop on SpinPula (Cagliari) 213 June 2025 36


https://arxiv.org/abs/1112.1334

Gluon GPDsand UPC

arD | U | T GluonGPD<an beaccesseat LHC irltra-Peripheralcollisions(UPCwhere a
guastreal photon is emitted by the relativistic beam partigR&kD 85 (2012), 051502]
u H Er At LHCenergies these photonsare energeticenoughto triggerthe production
L H Er of hard dileptonsand charmoniaand bottomonia.
T | E|E | Hrp, Hr - Impactparameterlargerthan sum ofradii
. - Procesglominatedby EM interaction
S E O e J. High Energ. Phys. 2023 Gluondistributionsprobedby pomeronexchange
S 10'E 20< yreds +haw
< e Pb-Pbcollisions A A A A
§ 10 : Background \/i— U8T C"Y!Q (b
6% y cC b Y cc I
<60 T T rr T z """'I"""‘I,':. A/O\A A/®\A
2"“2‘ : iy 1.)1.l.'\! [ ] 3 i A AN LHC [ (C )Y CoherentpPC: IncoherentUPC:
§ 40 i_ /,/r‘-. <J1--'z:" t ‘1 luction | \—E\ 6.0 II + \\ PH:‘; \.u\j\_z.s'V’i‘,lf..iylw“\um _;‘ pomeronem|tted by pomeronemltted by
lilfitl _— /.(’:\\\ - : “ i = SRS : o —; ‘ entlre nUCIeUS SlnglenUC|eon
35“, %,f/’ _ \1 1 Diff. crosssectionvs.ny for coherentg [ andl (g )Y
S AN 1 £l smmamed  PHOtOproduction comparedwith models
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Gluon GPDsand UPC

cepD | U | L T With LHCspirexclusivephoto-production of § + in UPCof

proton (or lead) beams with polarized 5 " target can be

v H Er studied, providing constraintsto the essentiallyunknown
L H Er gluonGPDg whichplaysacrucialrole in the Jisumrule:

T | E|E| Hp, H 1 /!
o J9:§/ dx(Hg(x,§,0)+E9(x,§,0))
0
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Gluon GPDsand UPC

With LHCspirexclusivephoto-production of § r in UPCof

target can be

£,0))

;]z/z ¥(py)

ThehadronicSTSA canbe parametrizedin terms of the photonic
STSAO which incorporatesthe GPDs'O and ‘O through their

A Extractionbasedon models for the GPD
‘O (GoloskokoxKroll) andO (PRD 85,
051502 (2012))

A AFTER modelependentpredictions
very promisingfor ma " UPC

GPD | U | L T !
; = P proton (or lead) beams with polarized 5
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L H Er gluonGPDg whichplaysacrucialrole in the Jisumrule:
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-0. 2; AFTER@LHCb,p+HT,MA=‘I‘ISGeV,LN=1Ofb'1,y+p—>J/\u+X _0'2; ) )
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Merging spin physics with heavy-ion physics

A probe collectivephenomenain heavylight systemsthrough ultra- lead ions pol. deuteron
relativistic collisionsof heavynucleiwith trasv. pol. deuterons /("%

A polariz_edlig_ht target nucleioffer_ a unique opportu_nity to co_ntr_ol '.’ﬂ_ ‘_,4;:"*'_) —
the orientation of the formed fireball by measuringthe elliptic 4 Sy T X GeV
flow relativeto the polarizationaxis(ellipticity). ..
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Merging spin physics with heavy-ion physics

A probe collectivephenomenain heavylight systemsthrough ultra- lead ions pol. deuteron
relativistic collisionsof heavynucleiwith trasv. pol. deuterons

A polariz_edlight target nuclei offer_ a unique opportu_nity to cor\tr_ol ' ' ‘_A__) —
the orientation of the formed fireball by measuringthe elliptic 4 S VT X GeV
flow relativeto the polarizationaxis(ellipticity). L

unpolarized d+A

v2{®p}=0

Unpol deuterons the
fireball isazimuthally
symmetriclho
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Merging spin physics with heavy-ion physics

A probe collectivephenomenain heavylight systemsthrough ultra- lead ions pol. deuteron
relativistic collisionsof heavynucleiwith trasv. pol. deuterons m

A polariz_edlight target nucleioffer_ a unique opportu_nity to co_ntr_ol j"_"' ‘_ﬁ.._) —
the orientation of the formed fireball by measuringthe elliptic 4 S VT X GeV
flow relativeto the polarizationaxis(ellipticity). ..

unpolarized d+A

v2{®p}=0 v2{®p}<0 vo{®p}>0
Unpol deuterons the O prolate fireball O oblate fireball
fireball is azimuthally stretchedalongthe pol. correspondso o

symmetriclho _ axis correspondgo o
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Merging spin physics with heavy-ion physics

A probe collectivephenomenain heavylight systemsthrough ultra-
relativistic collisionsof heavynucleiwith trasv. pol. deuterons

A polarizedlight target nucleioffer a unique opportunity to control
the orientation of the formed fireball by measuringthe elliptic
flow relativeto the polarizationaxis(ellipticity).

lead ions pol. deuteron

A58,

[

A ——

AY Sy (i X Gev

..

Predictionsfor LHC FKinematics

unpolarized . d+A A mwe o e we e s 4

; . a el

J3=0 g 008 208 0 — >

- Pb +d', \5,,=72Gev | B

X X 008 2

Ke) i =

'45_0.04_— N

= — i =0 o

y CDO_OZ: ——jz=i1 5

v2{®p}=0 v2{®p}<0 vo{®p}>0 of 9

- L

.............. . b . B . - o

Unpol deuterons the © prolatefireball  © © oblatefireball 002 o pm——TTT .

fireball is azimuthally stretchedalongthe pol. correspondso o ool
symmetriclho _ axis correspondgo o ~ 0102 03 04 05 06 07 08
centrality
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The LHCspin apparatus

The LHCspinapparatus consistsof a new-generation HERMESke polarized gaseousfixed target to be
Installedusptreamof the VELO

Pol. target

Unpol. target
(SMOG2)
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The LHCspin apparatus

The LHCspinapparatus consistsof a new-generation HERMESke polarized gaseousfixed target to be
Installedusptreamof the VELO

.
l. | J Dissociator

. Pol. target
Sextupole [N "W %)

system il
-: i- Atomic Beam Sourcf (ABS)
— produces polarize d“sterm

SFE I.I: [. beams
MFT I%}“.
B

S\.‘xlupolc-é - UnPOI. target

e (SMOG2) Li S| $
¥ Target Gas Analyz
— measures atomic

e ks 0
moluulargs:;gismon Breit-Rabi Polurimet 75—80 A)transv' pOI
— measures nuclear polartZatTo
Target Cell ‘ c ’ %MA @ H ERM ES
seemi T N — d 1111 .___. il-
—::r--::::__”:::::--"?i:::__"jﬁ%.__i' eI JOMA
’ — —
Beam Shutter _- l
SFT MFT Scxl:.lpolc Chopper
system
[NIMA 540 (2005) 68] !
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The LHCspin apparatus

The LHCspinapparatus consistsof a new-generation HERMESke polarized gaseousfixed target to be
Installedusptreamof the VELO

.
l. Al J Dissociator

. Pol. target
- e
Sextupole [N "W 3) o

system il
-: i- Atomic Beam Sourcf (ABS)
— produces polarize d“sterm

SFT I.I: [. beams
MFT I%.

VELO vessel

souncr I, e LﬁC ar
- Am spin .
l : Target Gas Analynm
— measures atomic o I
moleuularéar)l;gimmn Breit—Rabi Polurimet 75—80 A)transv' po .
— measures nuclear polartzZarto
Target Cell ‘ c ’ %N1.A = @ HERMES
saemT T N — d (11 .___.
—::r--::::__":t:::__"ji:::__"jﬁn'ﬁ.__l_‘ eI JOMA
’ — —
Beam Shutter _- l
SFT MFT Scxl:.lpolc Chopper
system
[NIMA 540 (2005) 68] !
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The LHCspin apparatus
LHCspin |

g’—)/

MAGNET INFO FOR THE CELL ACCESS

ABS - MAGNET IN TWO SEPARATED COILS

- CSHAPE YOKE OR WITH A SIDE
REMOVABLE PLATE

pras A Compact dipole magnet for static transverse field to maintain
i polarization inside the cell
= A Required| Dalwith Y[ [x b
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The LHCspin apparatus

MAGNET INFO FOR THE CELL ACCESS

LHCspin |

g’—)/

- MAGNET IN TWO SEPARATED COILS

ABS
- CSHAPE YOKE OR WITH A SIDE
REMOVABLE PLATE

e A Compact dipole magnet for static transverse field to maintain
e polarization inside the cell

A Required|| 0 4| with ¥|j || P

A Need to modify main flange of VELO vessel (inward)

s A No need for additional detectors!
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The LHCspin apparatus

MAGNET INFO FOR THE CELL ACCESS

LHCspin

="

- MAGNET IN TWO SEPARATED COILS

ABS
- CSHAPE YOKE OR WITH A SIDE
REMOVABLE PLATE

PGT cell

Compact dipole magnet for static transverse field to maintain
polarization inside the cell
Required | Sdwith Y[j [x P

A
A
A Need to modify main flange of VELO vessel (inward)
A No need for additional detectors!

A

Possibilityto switch from dipole magnetto solenoidto realize
— a Longitudinalpolarizedtarget in afuture phase
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Kinematic coverage

A Vi o fcad O pp@Qe The kinematic coveraggepends on the cell position:
5 A SMOG?2 cell position:960-360] mm
@— > @ & cojsoews © b i
7 TeV [ T T SN Ny

JI¥ — p*u- [-560,-360] mm

p.(JW) [MeVrc]

&
S
T

Q? [GeViic?)
w
o
T I TTT

w
=3
TT 77T
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Kinematic coverage

A Vi o fcad O pp@Qe The kinematic coveraggepends on the cell position:
5 A SMOG?2 cell position:960-360] mm
0 > 0 ®» CcOji OE(wE © 0 N A &/ @ ranges shrink towards larger backward distances:

7 TeV 5 . _ .
0 n & ©w 0Q IV
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Kinematic coverage

A Vi o fcad O pp@Qe The kinematic coveraggepends on the cell position:

: A SMOG?2 cell position:960-360] mm
9 > 0 ® ¢OjyT OE@g © 0 A ® / & ranges shrink towards larger backward distance:
7 TeV : S i A Probable position of HCspirell: F670;470] mm

b n & w 0Q IV
f JI¥ — p*u- [-670,-470] mm JI¥ — p*u- [-600,-400] mm JW — w*u-[-560,-360] mm
40005— AOOOE% 'E;;%-
30005— 3000;— ,,,-._
&

1 2 2 107
1 1
X K % X j
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Expected performance

J/'W — uu-PV X track reconstruction efficiency
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Expected performance

J/'W — uu-PV X track reconstruction efficiency
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Expected performance

J/'W — uu-PV X track reconstruction efficiency Channel ‘ Events / week ‘ Total yield
07 "~ Leoo-a001mm T/ — utp~ 2.6 x 107 3.1 x 10°
- L ~ Fao0.-600 mm D - K-t 1.3 x 108 1.6 x 100
0o e, W(28) — 4.6 x 10° 5.5 % 107
* i T o T/l - - 1 3
osE- T/ d [ — p*p~pt = (DPS) 1.7 x 10 2.1 x 10
- N SN = J/bJ/p — ptp~ptp (SPS) 5.1 x 10! 6.1 x 103
0.4~ | Drell Yan (5 < M, <9 GeV) 1.5 x 10? 1.8 x 10°
- R moe a T — ptp 1.1 x 10* 1.3 x 10°
“F ; AF — pK-mt 2.6 x 100 3.1 x 108
0.2} N __,__é P )
01 ed U fully reconstructedandselectedevents (aftercuts)!
o= 2*1""1";5;'5 B BT S J -TéUE U basedon extrapolationof currentSMOG2 performance
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Target Beam (Run4 “HY o ©
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Expected performance

J/'W — uu-PV X track reconstruction efficiency Channel ‘ Events / week ‘ Total yield
07k - L850, 400] mm Tjb — ity 2.6 x 107 3.1 x 10°
- gy T Laoo a00) e DY — K7t 1.3 x 10% 1.6 x 1010
08 | IS I »(28) — ptp 4.6 x 10° 5.5 x 107
osE- ot J/ I/ — ptp ptpe (DPS) 1.7 x 10 2.1 x 10°
- A d L T J/ Iy — ptpmptum (SPS) 5.1 x 10! 6.1 x 10?
04 L | Drell Yan (5 < M, < 9 GeV) 1.5 x 10* 1.8 x 106
- [ e wdiy T — ptp 1.1 x 10 1.3 x 10°
“F R A} — pK-rt 2.6 x 10° 3.1 x 10%
0.2 . F: ------
01 ed U fully reconstructedandselectedevents (aftercuts)!
ok ;b[-f"i--;é-? e J .TF;;UE U basedon extrapolationof current SMOG2 performance
psi_ y
Target Beam (Run4) ﬂ_TI 8 ¢ “Hi{
o, ’ 4
(A O @d¢p mi (HERMES) (A ¢& ép m p/bunch ‘
<A G,=17.41/s (20 cm cell < A 2760bunches _do9 B4
LA P=3.740 atoms/cm? A b iy 8¢ -

Will be muchhigherin Run5 (HLHC)!!
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The jet target option

Alternativesolutionwith jet target alsounder evaluation

A lowerdensity¢ p 1 A O T Ho @) Maboutafactor of 40smaller
A higherpolarization(up to 90%)

A lower systematicsn Pmeasurementvirtually closeto 0)

A Compatiblewith SMO@ setup

SMOG2

L L Pappalardo
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The plan for the upcomingyears

Necessary preequisites for approval of the project aHCHRun5)
A R&Dcampaigrfor the apparatustowardsthe final setupfor LHCb

A feasibilitystudiesin a dedicatedexp. areaservedby LHbeams
A Developandtest a RHIQike absolutepolarimeter

=0
/"—

” " d

”

’

% / extraction)
’

AW IR1 (ATLAS) /..é'ff /’

g2 o W 'RSR\:\ ~
. & N
//.//;Rtl (RF) IR6 (beam \0\}—@

IR3 (momentum IR7 (betatron
collimation) collimation)

\ '
/
\ IR2 (ALICE, IR8 (LHCb, ’ /
injection B1) injection B2) { J
RO o3

\

\
\

\
\
1
]
1e
1
I
I
!

!
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The plan for the upcomingyears

Necessary preequisites for approval of the project aHCHRun5)
A R&Dcampaigrfor the apparatustowardsthe final setupfor LHCb

A feasibilitystudiesin a dedicatedexp. areaservedby LHCheams
A Developandtest a RHIQike absolutepolarimeter

-
>

¥,

S
IR6 (beam &
extraction)

IR3 (momentum
collimation)

IR7 (betatron
collimation)

-

JBGV.G7L4
JBGV.H7I‘-14 - v

IR2 (ALICE,
injection B1)

IR8 (LHCb,
injection B2)

"I IR1 (ATLAS)

IR4is the ideal place for our R&D:
A Lots of free space for our instrumentation
A Rails, cables and racks already availabfsitin

L. L. Pappalardo
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The plan for the upcomingyears

ABS and BRpolarimeter have already been
movedto Ferrarafor first testsand optimization
prior to full installationat IR4.

MAGNET -

1 meter

-~ ABS DISSOCIATOR

. T ABSMAGNETS AND FREQUENCY

" TRANSITIONS LINE

— VACUUM CHAMBER

.~ RECOIL DETECTOR

— BRP
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The plan for the upcomingyears

LS3 (202:B0):

A Installation at IR4 of existingsetup (ABS+ BRpolarimeter)

A Implementation of a RHIGike absolute polarimeter: exploits
CoulombNuclear Interference in beamtarget scattering to
measureof molecularpolarization(to be calibratedwith the BRP)

A Possibilityto implement a minimal spectrometer

Tracking Iron
stations wall

Muon
station
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The plan for the upcomingyears

LS3 (202-80):

A Installation at IR4 of existingsetup (ABS+ BRpolarimeter)

A Implementation of a RHIGike absolute polarimeter: exploits
CoulombNuclear Interference in beamtarget scattering to
measureof molecularpolarization(to be calibratedwith the BRP)

A Possibilityto implement a minimal spectrometer

Tracking Iron Muon
stations wall station

l.
]
& é?ﬂ; =

Run4 (203633):

A In-beam polarimetry studies

A proof-of-principle prototype experiment: first pol. meas. at
the LHGSSAs in inclusive light hadron production)
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The plan for the upcomingyears

LS3 (202-80):

A Installation at IR4 of existingsetup (ABS+ BRpolarimeter)

A Implementation of a RHIGike absolute polarimeter (exploits
CoulombNuclear Interference in beamtarget scattering) to
measureof molecularpolarization(to be calibratedwith the BRP)

A Possibilityto implement a minimal spectrometer

atomic beam

recoil detector 1 .
b ]'” [ H ’ e Tracking Iron Muon
< proton . .
R 0 B stations wall station
l‘] Bl - p - recoil detector
[ - ‘7 P .r:\:ml : -~:‘;;T4 right
- protea 1 [l |||
g ¥
6 inmer oo o 0“' { L= L::::‘u,
outer coll (h'“/' L_;
i
potmiancer H Y| —
= i =l S L d

Run4 (203633):

A In-beam polarimetry studies

A proof-of-principle prototype experiment: first pol. meas. at
the LHGSSAs in inclusive light hadron production)

25

02

Apr 2

ol

04.16034v1 [hep-ex]

2

arxi1y

April 23, 2025

LHCspin: a Polarized Gas Target
for LHC
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Timeline of the project

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

NID{J|FIMIAM]J] J|A|S|ON|DY J [FIMIAIM) J| JJA|S |OIN|D) 3| FIMIA[M] 1| J |A|S|O|N[D} 3| FIMIAIM] 3| |A|S[OIN|D I | FIMIAM| | JIA IS IOIN[D [ 3TETMIAM] 3] 1alsToINID 3 FMAMJJASOMDJFMAMJ]ASDNDJ FMaM 3] 3]alslolMio] 2

[ Long Shutdown 3 (LS3) Run 4 LS4 Run 5
ARIRRRRARNANRARNAN [T 11

First tests and z <

characterization 9 =" | The setup @ Ferrara g

in Ferrara gl r \
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Timeline of the project

2025 - 2026 2027 2028 2029 2031 2032

INIDY3[FmlAIM[3] 3]AlS lAIM 3 3]A[S|OINIDL 3] FIMIAM 313 [AlSOIND [ FmlAl] 3 3] Al OINI I [FMIAIM 3]3S |o[ND AJS[OIND I [FMAM[3]AlS
- \
Y Y
First tests and Installation at IR4 (LHC):
characterization - ABS + BreiRabi polarimeter
in Ferrara - Absolute polarimeter

- minimal spectrometer ?

|

| Implementation @ IR4 |
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Timeline of the project

2025 [ 2026 2027 2028 2029 2031
INIDY3[FmlAIM[3] 3]AlS lAIM 3 3]A[S|OINIDL 3] FIMIAM 313 [AlSOIND [ FmlAl] 3 3] Al OINI I [FMIAIM 3]3S |o[ND AMI[3]A[S[OND N[O
- \
. Y . v : Y
First tests and Installation at IR4 (LHC): - Polarimetry measurements
characterization - ABS + BreiRabi polarimeter - First physics measurements (SSAS)?
in Ferrara - Absolute polarimeter

- minimal spectrometer ?

Absolute
polarimeter

Basic spectrometer at IR

_-—

m

Tracking Iron
stations wall

Muon

i
\ A

station

| Implem

- ~ -
R\ AR
F A A\

: " ’.'-/" o)
entation @ IR4 || /&

Bk
= B
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Timeline of the project

2025 2026

2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

N[D{J|F|M|A M| ][] [A[S[O[N|D} ] |FIMIAM|J[]

IA/S

AMI | JIAISIOINIDL ) [ FIMIAIM) 3| JIAISIOINIDY T FIMIAIMI ]| JIAISIOINIDT 3TFIM[AIM] [ 3]as]oND| ] FIM[AIM 33 [as[oN D]  [FIMIAIM 3 [ [AS]oIN D] J[FMIAIM[ 3 [ [a]s[o]N of ] FIM[AIM] [ ]A[S[o]N]D 3 [F]M

[ Long Shutdown 3 (LS3) Run 4 LS4 Run S
LT [T ]

- '\  \— U\ N\ _J
First tests and Installation at IR4 (LHC): - Polarimetry measurements Move apparatus from Data taking withLHCb
characterization - ABS + BreiRabi polarimeter - First physics measurements (SSAs)? IR4 toLHCb

in Ferrara

- Absolute polarimeter
- minimal spectrometer ?

Absolute VELO vessel

polarimeter

Y e N JEC YMC 2O |

Basic spectrometer at IR4} T
‘ Tracking Iron Muon | L
“ | stations wall station
A ! \ \ o o
| Implevmentatlon@ IR4 [ i vipole |4
\ : - magnet r .
_F_'_"J ) — Implementation atLHCb
C = (N =1L J
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Conclusions

U TheFixedTargetprogramat LHCls active sinceRun2, now greatly enrichedwith SMO@

U LHCspimsthe natural evolution a polarizedfixed target at LHChwill bring spinphysicsfor the first time
at the LHCandwill openthe way to a broad and unique physicsprogram!

U Novelapproachesandreactionswill be exploitedto studythe 3D nucleonstructure

U Firstinsightsinto the yet unknowngluon TMDs(suchasthe GSFwill be possiblethanksto the excellent
capabilitiesof LHChn reconstructingguarkoniastatesand heavymesons

U Theapprovalprocessof the first phase(R&Dat IR4) isin progress
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Backup
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Absolute polarimetry

UnderCoulombNuclearinterference(CNI)conditionsone canmeasurel-Rasymmetriesn elasticry’d' scattering:

5 —— o590 AR
d O-(q b ) p ” (i ) ulr-:l‘l:{!j:uz‘-
A:\] +o.04 recoil ni::l-:clr-r_:’..—_-(‘m ?
“ L
Cp PP U Techniqueused for polarimetry at il fg-}l el detectr
+0.02 ; ] el = right
RHIGwith p-Cscattering i W
(A. Poblague\et al., PoSPSTR017(2018 022) lt:-::;:'é : M 5 il [ ]
py o Y 07.5)2 :/' e
—t (GeV/c)?
Analyzingpower ismaximal(t-u B for « ¢ Breit - Rabi
polanimelter
For a 7TeVproton beam:
A, T ®
A protonrecoilenergies: 1.% 4.6 MeV U Findmore here https://www.maths.tcd.ie/~nhb/talks/2019_07_16_nhb.pdf
A protonrecoilanglesp}y — Y@
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Physics measurements at IR4

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

:T: .'i\l-

op 8o 1
»  JNsi03z-Bl- L'
momentum
TO0O
o Jy —

500

400

300

200

pH @ /s = 115 GeV

P P B -
100 120 140 180 180 200
Plu) [GeV]

apfp (%)

12 4

Momentum resolution vs spectrometer length
T T T

-—- g=1mm 8l =1Tm

p=10.0 GeV

o=1mm Bl =2Tm
o=1mm Bl =3Tm
g=2mm Bl =1Tm

cmimmBl=1Tm

[
spectrometer length (m)

opening angle

Jy = putp”
pH @ /s = 115 GeV

we can achieve d 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

with 8p/p ~ 1% we have ém ~ 40 MeV,
excellent for any other measurement

it is even possible to have a ToF PID
@3¢ level forn— K
p ~ 1 GeV — o;0(100) ps
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A synergic attack to gTMDs

[D. BoerfFewbody Systems 58, 32 (201]7)

DIS | DY | SIDIS | pA > vjetX | ep—= e QQX | pp— Nep X | pp = J/~v X
ep—=>e X | ppo>HX | pp=>T~vX
AT ww) | x| ox X x 7 Y Y
F7op) | vV Y v X X X
pp—= vy X | pA=yTjetX | ep = QQX | pp—nep X | pp— Ty X
ep—>€jijeX | pp—HX | p—=T~vX
J_ T T
hy O (ww) v/ X v vV v
h ¢ (Dp) X v X X X
DY | SIDIS | p' A= hX | p'A—=~yWjet X | pTp = 4yv X epl 2 e'QQX
pp— J/YyX epl =€ j1jo X
p'p— J/YJ/pX
e oww) | x x X X v v
f 1J_Tg ] (DP) v Vv v v X X

Can be measured at the EIC

Can be measured at RHIC & LH
(including LHCb+SMOG?2)

Can be measured at RHIC and
LHCb+LHCspin
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gluon TMDs

gluon pol.
U | Clrsrly | Lineafy Theory framework well consolidated 6 dzi SELISNARYSy il f F O0S3

— 1 . .
g U fi by Gluoncorrelatordependson 2 path-dependentgaugelinks, different for ISland FSI
S | L g hd
by 91L ! . . .
S n G Cdzli dz2NB  LIFA v ’ . Gt b ad LIRAYQDA
S | T | £9 gg W hd 2 A f — < ) « e A :
g 1T 1T 1y i aEstUA)/S 0aq o Atazy cflOAYy S ¢

\ FSH(SIDIS) - et e SH(DY)
~ Lglept—e' QQX pt payy X] > Signchange relation expected for
h «—> fir | ][ )——f”[ {:::,pg,)< > h 9 9 b

the other Todd gTMDs |} and |

A Dependingon their combinations,there are 2 independent versionsof eachgTMDthat can be probed in different
processesind canhavedifferent magnitudeand widths and different wand’Q dependencies!

A E.g.thereare 2typest@ andQ : [ ] [ | Weizsackewililams (WW); [ | [ ] DiPole (DP)

A 2indep. GSF: "Q [ h] of-typee Mantisymm colour structure ; "Q [ h] od-typee Msymm colour structure
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A preliminary analysis tool for pseudo -data

A pseudcdata set basedon a TransverselyPol H target hasbeengeneratedto study the interplay between statisticaland
systematicauncertainties(dueto the measuremenbf the polarization)

Similarapproachusedat HERME8AppendixCof [JHEPL2:010, 2020):
A Useofficial LHCBVICdatafor inclusiveproductionof Gjf © * * infixedtarget configuration(PYTHI&+ EPOS)

A Introduce a spin-dependencein the simulation: assignto eachsimulatedeventa target polarizationstate ( or 8) usinga
randomextractionmodulatedwith a modelfor the crosssection

A Themodelassumesa dominantO Exbmodulation (e.g. sensitiveto the gluonSiver$ plusa suppressed E;%omodulation
(to accounte.g. for possiblehighertwist contributions) Bothterms dependmildly on the kinematics(admy ):

1 — 7  — D — T m — D
p=— [1-|— (al -|—-:12I nd +ﬂ3u> sin ¢ + (bl-l—ng nd -l—bgu) sianf:]

2 T PT mazx Lmax PT max

A Usingthesepseudedatathe TSSAs computedin the usualway:
p l’j n l’j 8

00" G°

5

andthe uncertaintieson 0" ° (Poissonjpnd0 (systematicpropagatedaccordingly
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A preliminary analysis tool for pseudo -data

A Thedatapointsarebinnedin @ andrn (2D binning),representedvs %oandfitted with "Q @ O B4 @& O E¥%owhere
the free parametersw andw representthe amplitudeof the correspondingazimuthalmodulation

TSSAon JW — p'p- TSSA on JAW — ptp-
= = %2 I ndf 2516/6 N = [ 4@/ ndi 2.647/6
g 0.2F= N = 28432 avents al 0.08961+ 0.0127 g 02 N = 68624 events at 0.09262 =+ 0.009659 o o
§ oo - 2 oowetzonwr | |, 2 oomeooms | A The extracted parameters® and & are
consistent with those used to generate
By 3 3 the model(no biasisobserved)
A With the available MC statistics
o b _ (correspondingo 2 weeksof datataking)
b e there isno sensitivityfor the O B %oterm
JA¥ — pp-: fit results for parameter at JIW — ptp- - fit results for parameter al
% 0.135__ 308961 evants with P = 1.0020.00 % 0l185_ 308961 events with P = 1.00=0.00 A The amplltUdesw are reported VS Q) In
E il ramestomamon R . binsofr] (andviceversa)
o —t— | o * % % A A mild kinematicdependences observed
i i consistentwith the model
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Statistical vs Systematics uncertainties

A The analysistool describedabove allows to study the interplay between statistical uncertainties and systematic

uncertainties(dueto the measuremenbf the polarization)under different data-takingscenarios

pr (MeV) TP a1 (AP =0%) | a1 (AP =5%) | a1 (AP =20%) | a1 (AP = 50%)
0,1500] -0.70,-0.09] | 0.090 + 0.013 0.089 = 0.013 0.087 =0.014 0.087 4 0.022
0,1500] -0.09,-0.06] | 0.104 + 0.011 0.104 £ 0.012 0.103 =0.016 0.100 £ 0.027
0,1500] -0.06,-0.04] | 0.098 + 0.012 0.098 + 0.013 0.097 £ 0.016 0.094 + 0.027
0,1500] [-0.04,0.05] 0.118 + 0.014 0.117 +0.014 0.114 +£0.017 0.113 + 0.030

1500,6000] | [-0.70,-0.09] | 0.093 £+ 0.010 0.092 4+ 0.010 0.090 £ 0.013 0.089 + 0.023

1500,6000] | [-0.09,-0.06] | 0.108 +0.011 0.108 +0.011 0.108 £ 0.015 0.107 £+ 0.027

1500,6000] | [-0.06,-0.04] | 0.105 % 0.012 0.105 = 0.012 0.104 =0.015 0.103 = 0.026

1500,6000] | [-0.04,0.05] 0.105 £+ 0.011 0.105 = 0.012 0.102 = 0.015 0.102 £ 0.026

A A5%systematicuncertaintyon Phasno impacton the total uncertaintyon

A Forzd ¢ o the systematicuncertaintyamountsto 30-40%of the statisticaluncertainty
A Forz0 v o the systematicuncertaintyapproximatelyequalsthe statisticaluncertainty
A Weexpect9 ||- b for the storagecell hypothesis(and closeto O for the jet target hypothesis)
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The LHCb detector

Side View

SciFi RICH2

U LHChis a generatpurpose singlearm spectrometer, fully | Trker e
instrumentedin ¢ — v and optimisedfor detection of ’

charmedandbeautyhadrons
[JINST 3 (2008) S08005] [IIMPA 30 (2015)1530022]

U Excellent particle identification and momentum
resolution:,, jn p8tbP (pN [2,200] GeV)

U Preciseprimary and secondaryertex reconstruction(VELO)

U DuringLS major hardware upgradeto copewith the factor of 5 increasein luminosity starting from the Run3
[http://arxiv.org/abs/230510519

Types of collisiongCollider mode):

protons lead ions lead ions lead ions
protons protons m /ﬂ m\
Vi pogpTeV VT g Tev (& t""r' S > oy uTevih 3 2
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More physics reach with unpolarized FT reactions

A Intrinsic heavy-quark [S.J. Brodsky et al., Adv.HigrEnergy Phys. 2015 (2015) 231547]
- 5-quarkFockstate of the proton maycontribute at high o
- charmPDFsat largewcouldbe largerthan obtainedfrom conventionaffits

[620v50 (2002) G2 add]

A pAcollisions(usingunpolarizedgas He,N, Ne, Ar, Kr, Xe)
- constraintson nPDFge.g. on poorly understoodgluon antishadowingat high e)
- studiesof parton energylossand absorptionphenomenain the cold medium
- reactionsof interestfor cosmicray physicsand DM searches

A PbAcollisionsat /¥ 1 ¢ "Hiusingunpolarizedgas He,N, Ne,Ar, Kr, Xé
- Studyof QGPformation (searchfor predictedsequentialquarkonium suppression
LHC @ 5.0ZeV
= Sequential suppression - screening
E 1% step s
-E 1™ step
=
=
o
5 BAstates® ¢ i I 22X
LHC o Different binding energies, different
. =8 ~, v =, L LA 2 .
fixed target Temperature (Energy density) RAaazOAl uA 2y medbind LIS NJ

thermometer
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