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Fixed-target physics at LHCb

The LHCb Upgrade I detector

[ArXiv:2305.10515]
Side View HCAL

. ECAL M3
e LHCb 1s a general-purpose forward M3 M4
spectrometer, fully instrumented in 2<5 <5 SciFi ~ RICH2 -
. : gas Tracker —
and optimised for b- and c-hadron detection
target e ‘

e Excellent momentum resolution with VELO +
tracking stations: ¢,/p=05-1.0% (p € [2,200] GeV) | HC beam

e Particle identification with RICH+CALO+MUON:
€, ~ 98 % with ¢ . <1%

T—=p ~

e Run 3 (ongoing): new detector & software

trigger to face 5x luminosity 1increase ' !@ i
p i
I
¢ Fixed-target kinematics:
Q pp/pA collisions, 7 TeV beam:
Jd \/_z\/szEp: 115 GeV 1: beam, 2: target
0.45 —7 TeV 2< Yy <5 = =30<yys<0 Large CM boost — large x, values (x;<0)

. ‘ 5w =~ 72 GeV
2.76 TeV
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AA collisions, 2.76 TeV beam:



https://arxiv.org/abs/2305.10515

SMOG and SMOGZ

SMOG data (Run 2)

e The FT program at LHCb 1is active 2(5,.1"4) P12005 | T e Beam Eneray
since 2015 with SMOG: inject noble | =
gases into the VELO, populating g 0 .jzggzzz
z=%20m 1n the beam pipe *2 - B 6500 Gev
: . S F
e Trigger on beam-empty collisions: S0
turn LHCb into a FT experiment! o Py I
e C 102
e See our publications — here £ " pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe
o 2015 | 2016 | 2017 | 2018

SMOGZ2 Gas Feed System

e SMOGZ2 gas storage cell installed for
Run 3:

e 3 -35X density wrt SMOG

e Negligible impact on the beam
lifetime: 2" <2000 days |,

beam—gas

Pb—Ar ~ 500 h

Theam— —gas

¢ Luminosity precision at the percent
level thanks to new GFS and
temperature probes on the cell walls

e Can be filled with: He,Ne, Ar

e H, also tested successfully

\\ IR,

“Q/,/,EL'/EE% N

‘ !ﬂ UI llh/\ bl ”f! H 7 Lﬁ\ b

e D,,N,,0,,Kr,Xe to be tested
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_IFT.html
https://arxiv.org/abs/1410.0149

Candidates

Fixed-target event reconstruction in Run 3

—pp+pHe Rec.ble distr pp+pAr —pp —pHe

. . D T e e e B I
— — Qd B . . ] 1
1. beam-beam and beam-gas interactions are well detached = - LHCb Upgrade simulation 1B
: : .. 1 T T _
2. Full vertex & tracking reconstruction efficiency .5 P —————y Jﬁwwm&ﬁ_ﬁh_~,--~*mﬁﬁ 1 [
retained 1n the beam-gas region § 0.8 $ + ﬁ# 1 5
.. : Do : = N . 1 S
3. Negligible increase of multiplicity — small impact E 06 =l
. . o | -
in the LHCb reconstruction sequence S o4F ERS
— R - N
> - 1 |
AL 02F 4 S
e Confirmed with early data: beam-gas and beam-beam o T e o I e 4
simultaneous data-taking with the same resolution! -400 -200 0 200
z [mm]
o | | ' ' ' ' ' ' ' ' =
8 - -
E 0.08 - PV, > -300 mm ch El=
2 007 PV, < -300 mm ARSIBANY - T
] o — Run3 commissioning ] (vw)
/ C /) qu 0.06 — Preliminary — _IHI_I
JPg Run3 commissioning g 0.05 = _E %
Z 0.04 | — |
[ _] N
0035— "é E§
002%— {; E§
0.01 | =
0 [ 1 I 1 1 1 | | | 1 1 ]
400 450 500 550 600

M [MeV/c?]

e L[HCb 1s the only experiment able to run in collider-
and fixed-target mode simultaneously!
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https://cds.cern.ch/record/2804589
https://cds.cern.ch/record/2845444?ln=en

[TO0-S20Z2-34NDII-9DOH1]

Early SMOGZ results

e Right: event display from a Run 3 p-Ar collision

e Bottom: tomography of the closed SMOGZ2 cell from residual gas &
secondary 1interactions

o Jiyw— utu~ from 18 minutes of p-Ar data-taking
® A > pr~ from 20 minutes of p-H; data-taking

e Excellent results albeit low gas pressure & preliminary sub-
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detector performance as we’re commissioning them!
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LHCb Experiment at CERN
Run / Event: 255623 / 300602

THED

Data recorded: 2022-11-25 09:40:16 GMT
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https://cds.cern.ch/record/2845444?ln=en
https://cds.cern.ch/record/2859158

The LHCspin project [EP] WoC 276, 05007 (2023)]

e SMOGZ2 sets the basis for the development of a polarised gas target (PGT)

Two main goals of the “LHCspin” project:
1. Extend the broad physics program with unpolarised gases to Run 4 (2029) and Run 5 (2035, HL-LHC)
2. Bring spin physics at the LHC for the first time

7 .

0 8.16 TeV pPb Other Collision Systems Unique QCD laboratory at LHC:
| I LHC) 5 LHCD 110 GeV

10% ATLAS/CMS B0 HERA e Large-x content of g, 7 and heavy
0 ALICE quarks in nucleons and nuclei

5L S ALL . . . . L
10? S ALICE Muon e Spin distributions of gluons 1inside

unpolarised and polarised nucleons

33 | e Heavy 1on FT collisions at an energy
O 1n between SPS and RHIC
S 10% _—— ®Broad and poorly explored kinematic
| B range
107} e High luminosity, high resolution
| detectors: access to a large variety
101; of probes 1ncl. exotic
| e Several unpolarised gas targets
VR e Polarised gas targets: H' D!
10°0 10 101 103 10~ 10T 10 ’ ’
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https://www.epj-conferences.org/articles/epjconf/abs/2023/02/epjconf_sqm2022_05007/epjconf_sqm2022_05007.html

The Polarised Gas Target

J/¥ — u’u- reconstruction efficiency vs cell position

¢ Drawing: cylindrical target cell with L=20cm and D=1 cm [ P :
(same dimensions of SMOG2) and modified VELO flange Y ;
e LHCb simulations show broader kinematic acceptance & higher - f
efficiency when the cell is close to the VELO : :
® Qur new fully-software trigger gives flexibility & room for - :
improvement e.g. better reconstruction algorithms, dedicated - e
trigger lines.. LT g
- . 9
: :%5:
: 2ZE
l8g, Fr00 . 67 69, 56, 500 Faop . 309, l2op 0 L1090 ; [0,900
% gy U, gyt gy gy Oty g Uy oy

J/'W — u*u- reconstruction efficiency
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Kinematic coverage

e LHCb p-H FT simulations at /s =115 GeV. Using x, = 2E;/,/syy sinh(y*) with EZ= M?+ P2

e Actual SMOGZ2 region [-560,—360] mm as a reference, [-670,—470] mm a possible solution to fit the LHCspin setup

e The kinematic coverage depends on the cell position - p, slightly affected, x range shrinks when moving upstream:

J/'W — uu- [-560,-360] mm J/'W — u*u- [-600,-400] mm J'W — u*'u- [-670,-470] mm J/'W — u*u-[-800,-600] mm
_ _ _ x10™ _
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The Polarised Gas Target

e Inject both polarised and
unpolarised gases via ABS and uGFS

FEED THROUGH SERVICES
i

i FEED THROUGHS:
’ - ABSx1

- BRPx1

- Ugfsx1

- Motors x 2

- Thermal sensors x 1

e Compact dipole magnet around the cell to
provide static transverse field

e Superconductive coils + 1ron yoke configuration
fits the space constraints

¢ B =300 mT with polarity inversion and AB/B~10%,
suitable to avoid beam-induced depolarisation

® Possibility to switch to a solenoid and provide

longitudinal polarisation
[PoS (SPINZ2018)]

Low-x 2023

MAGNET INFO FOR THE CELL ACCESS

yoke

,,,,,

e

| S

7 o

coils

MAGNET IN TWO SEPARATED COILS

ABS
] - C SHAPE YOKE OR WITH A SIDE
S~ REMOVABLE PLATE
" 2 |
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https://pos.sissa.it/346/098

ABS and BRP R&D

ABS & BRP IN VERTICAL LAYOUT - SIDE VIEW

Atomic Beam Source

. 15-
AV «
< \\\\\\
Breit-Rab1
polarimeter
V| Carassiti - INFN Ferrara

Low-x 2023

[NIMA 540 (2005) 68-101]

e Starting from the well established HERMES setup @
DESY ... to create the next generation of polarised
fixed-targets!

e Reduce the size of both ABS and BRP to fit into the
available space 1n the LHCb cavern: a challenging R&D!

e No need for additional detectors in LHCb!

e Aiming at HERMES performance:

Polarisation degree: ~ 85%
Intensity of injected H-atoms: 6.5x10' s™!

FT luminosity (HL-LHC): ~ 8x 10 cm™ s™!
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https://arxiv.org/abs/physics/0408137

Cell coating for the LHC

Beam chamber

Seed L S
e The storage cell must have a low secondary N /¥ Lot e
lectron yield (SEY) & T 2N N\
e e C rlo n y-L e i _"".,:‘4 ....... /:,/..... ’:’l ....... .,_/;:L) ........ / \:)(/:
e This is already achieved in SMOG2 via carbon- { L™ N N,
coating (bottom picture) W v~
e In a polarised target, hydrogen Sunch spacing (8.g. 25 ne)
recombination must be kept low too —
| Eley-Rideal Mechanism Eley-Rideal Mechanism

e A thin layer of 1ce 1s a possible solution: |
renewable surface but needs cooling Cl\\\

e SEY vs 1ice layers measured, recombination 1. 2.

measurements ongoing m‘\\\ e 7 7 s P 7 e

2.8 +IIII|IIIIIIIII|IIIIIIIII|llIIIIIII|IIII|IIll|IIIIIIllI|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII.¥

26 - -

24 *85”®" i
l o _
2.2 ]

2.0

1.8

1.6

SEY
SEY

14

1.2

1.0

—&— SEY clean

—@— SEY for cleaved graphite

0.8 —o- SEY@1LofH20 - 8 ~8- SEY @ 1L of H20
—e- SEY @ 5L of H20 i o —8- SEY @ 5L of H20
0.6 —o- SEY @ 10L of H20  _ 6 EfY —-e- SEY @ 10L of H20
i —e- SEY @ 20L of H20 =4 —o- SEY @ 20L of H20
o4 SEY @ 40L of H20 | 4E SEY @ 40L of H20
I ~o- SEY @ 80L of H20 ? ~o- SEY @ 80L of H20
0.2
0 100 200 300 400 500 600 700 800 900
Electron Energy (eV) Electron Energy (eV)
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More on the R&D

e Drifilm + 1ce was very successful at HERMES but
challenging at LHC

e Alternative solution 1s being investigated in parallel:
a jet target would provide lower density (=~ 1/40) but
higher polarisation degree

¢ 0,~10%cm™ but P~90% with very small systematic error

e PRO: precision measurements on high-statistics channels

e CON: Makes kinematic binning and rare channels harder

SMOG2

———
"

IR5 (Cl\_4§)"“\

Double-

CryStaI Setup * R4 (RF) IR6 (beam\\\'

extraction)

e We are also exploring the possibility of a test i
setup at the IR3 of the LHC e

e Useful to study a new compact polarimeter

system, understanding the beam interactions L_ (: /////////////»
etc. >Pin

e This activity would be parallel to LHCb and
open to external members

IR3 (momentum IR7 (betatron
collimation) collimation)

-

SMOG-2: approved

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

S
\~ IR1 (ATLAS)

N

gas

(Gaseous  source

targets - v

-
—————

Slngle- Crystal 1

crystal setup Double- — & — 4
crystalsetup |

S. Redaelli, PBC General WG, 02/12/2021 8
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LHCsp1in physics: overview

e SMOGZ2 1s performing above the expectation: early data-
taking with low pressure: 443 Jiw — utu~ 1n just 18 minutes
while all sub-detectors are undergoing commissioning!

e Complementarity 1s the key:
® 12 GeV JLab probing high-x, low Q?

e EIC measurements to focus on low-x, starting

~2®35 N& 4002_ LHCDb preliminar —; |:I
. . 5 350F o2 1 B
¢ higher Q% reach with future EIC upgrade > 300E Sun =113 GeV pAr E R
o0 n m E
= 250F N,,, =443 %26 3 e
: 3 0 E- 3
0t L Current polarized DIS ep data: g 2005 i‘FD;t‘ta iy
= 0CERN ADESY ¢Jlab6 0 SLAC [ JLab-12 YYvY Yy yAY 5 BUE Iy uut ERRS
. < 100 S | Ry Background —E qu
Current polarized RHIC pp data: @) : S
L o PHENIX=’ 4 STAR 1-jet v W bosons >0 i 3 &
AW e O73000 3200 3400 3600 3800
> M (up*) [MeV/e?]
S el ® Based on this important milestone, we can estimate
G | for a Run of p-H collision at LHCspin:
oL Channel Events / week | Total yield
: T/ — utp— C.3x 100! | 1.5x 10°
DY — K—rxt 6.5 x 107 7.8 x 107
il P(28) — pt 2.3 x 10° 2.8 x 107
J/WJ/p — ptpu~ptu~ (DPS) 8.5 1.0 x 10°
J/WJI/p — ptp~ptu~ (SPS) 2.5 x 101 3.1 x 10°
Drell Yan (5 < M, <9 GeV) 7.4 x 10° 8.8 x 10°
e LHCspin to best cover mid- to T — ptp~ 5f3X102 GJ’Xlﬂz
high-x at intermediate @2 AT = pK™ 7t 1.3 %10 1.5 %10
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https://cds.cern.ch/record/2859158

Unpolarised targets: PDFs

¢ high-x nucleon and nucleil structure 1is poorly known
at all scales

1.8

g C, b — CT14 pp=2GeV
- CT14 pp =10 GeV
1.6}
- CT14 pp =100 GeV
1.4}
1.2¢

0.8}

® Gluon PDFs are least known,
accessed with heavy flavours:
a strength point of LHCb!

0.6}

0.41

[PRD 105 (2022) 014001 ]

e Study the Intrinsic xc(x,Q), comparison

Charm component 1in e
the proton, first
measurement done
with SMOG on pHe

[PRL 122 (2019) 1320027

--------- CT14nnlo (90% c.l.)
Q =1.41e+00 GeV

I IIIIIII!
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~
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~
~
~
~
~
~
~
~
~
~

CT14nnlolC (BHPS 1%)

. . S ®with IC il

* Provide crucial "7F e without IC g

inputs for neutrino C [R. Maciula @ lowx22] -

fluxes, UHECR and - | ]
1074 ———

DM annihilation 10

X

—h

rPRD 93 (2@16) @330061 0120“1031021 02 03 04 05 06 0.7 0.840.9 1.0 |—JHEP @5 (2@17) @@4-' rARNPS 61 (2011) 467—4891
: 1.8 E—
e Tnvestigate the — nCTEQI5 S
- 1.61 — pssz . +
structure of nuclei: EMC " +
: 1.4) 07 ]
effect still to be — EPPSI6
understood 1.2r [ArXiv:1906.07119]
%210-
e > get more insight into g (g4l
the anti-shadowing ol
region (x~ 0.1) 0al
. —I— AMS-02 (Utot)
[ArXi1v:1807.00603 ] 0.2 Gluon for Q =2 Ge) | —— Baseline prediction
0.0b—io———nt o — 0 Total uncertainties
10 10 | 1
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https://arxiv.org/abs/1506.07443
https://indico.cern.ch/event/1148802/contributions/5003382/
https://arxiv.org/abs/1611.03815
https://www.annualreviews.org/doi/10.1146/annurev.nucl.012809.104544
https://arxiv.org/abs/1807.00603
https://arxiv.org/abs/1906.07119
https://arxiv.org/abs/2105.09370
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132002

Polarised target: multi-dimensional nucleon mapping

quark polarization

e Overcome the 1D view of the nucleon and investigate 1ts spin structure: GPDs and TMDs

,—c'l S é Wx U L f 8 i =
e Sl [ s | e | s
| L | (Scey) (SLST) (Sp€7,S301) | (SpLySIL)
20 S| T, | (Spl9) | (S.03S%4%) | (SuS%) | (S.£483¢5)
3| T, | (Sy08) | (S,48543) | (S,0a5u) |  (S,59)
[ d2V Nd%}’ |
ot pr | GPD | U | L T T™MD | U | L T FN K 0P
[ U | H 32 v | # B
L H Er I gir | hip
2+1D T E E HT’ }NIT T f 1J_T g  §f & hl) hf_T 0+3D

 from B. Pasquini @ DISZ2021

: accessible at LHCspin (dipole)

e red: vanish if no OAM
. accessible at LHCspin (solenoid)
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https://indico.bnl.gov/event/9726/contributions/47605/attachments/33594/54332/DIS2021-Pasquini.pdf

TMDs

¢ 3D momentum "tomography" of hadrons: e Projections of polarised Drell-Yan data
with 10 fb~!

Repl. 105 (Q%=1 GeV?)
0.05

Ol
p(GeV2) n > .
L 4<M,, <9GeV/c _ -
E 0.05FdM =0.5 GeV/c® pp s=115GeV - |
0.20 - 1 =
> 1.0 10 0 —- — ;<
. : - Z
0.5 6 o —-0.05 1 |
0.0 ky(GeV) Q<:Z - <3 - ﬁ
4 -0.1 —o— 3 < lab <4 2 g
z : 1B
; -0.15 - &
courtesy of = _1'0 E =10 fb™ -
A. Bacchetta “0s 00 7 —02 - g
1.0 77 & (Gev) _ eff pol P O 8 E
'@2% 01 02 03 04 05 06 07 08 09
® To access the transverse motion of partons inside a <!
polarised nucleon: measure TMDs via TSSAs at high x! (and
low x;)
e Verify the sign change of the Sivers
TMD in DY wrt SIDIS:
T _ A
Ay = Lo -0 Ax fiA 0, kp)py = —fi77(x, k7)sipis
P o1 + 0! ® + 1sospin effect with polarised

deuterium
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https://arxiv.org/abs/1807.00603

More TMDs

e Plenty of observables with polarised DY: azimuthal asymmetries of

the dilepton pair to probe TMDs

oi% : transversity — difference 1in densities of quarks having T pol. t1 or 11

in T pol. nucleon

e 9 : Sivers — dependence on p, orientation wrt T pol. nucleon

olﬁ” : Boer-Mulders — dependence on p; orientation wrt T pol. quark in unp.

nucleon

o}ﬁf . pretzelosity — dependence on p, and T. pol of both T pol. quark and nucleon

e fi . unpolarised TMD, always present at the denominator

e Polarised Drell-Yan to access unpolarised
TMDs of sea quarks and polarised TMDs 1n
the valence region

e gluon-induced asymmetries: h’¢ never

measured, can be accessed together with the
f¢ TMD (also unconstrained) in di-J/iy and Y

production

[ArXiv:1807.00603] [PLB 784 (2018) 217-222]

Low-x 2023

Wy, k2,) ® hy (0, K2,)
Flea, k2 @ (o, k2,)
Fle, k2 ® fi7 (0, k)
Fle, k) @ (o, k2,)
h 9 (x1, K2 0) ® hy i (xo, k2,)
Fl, k) @ (o, k2,)
h9 (e, k2,) @ B (o, k2.
Fl, k2 @ o, k2,)

cos2¢
Ayy™ ~

sings
A ur

sin(2¢+¢s)
Ayr ~

sin(2¢p—ads)
‘4UT ~

)
0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28

0.06 = |I — I — I| ; | | ' | 9-1 0-8 |
Acos26q iz - W 2years(10 fb7)
U.U < 0.6 N ® 1 year :

0.05}- AZRPSm - : di —J/¥
_ 0.4 L A 4 months
A?}I:lp(%icbs)A 1 L

0.04 ook

Projected precision
()
()
S8

EPOS+Pythia MC

T 10 ! yogwos| 0B menTee
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https://arxiv.org/abs/1710.01684
https://arxiv.org/abs/1807.00603

Expected precision on A,

e Expected uncertainty on a TSSA at LHCspin:

1 N =N 1
P NT+ N} \/ION?

e AA, showed for different polarisation degrees
on two scenarios: small asymmetry A=2%
(left) and large asymmetry A=10% (right)

minutes of data-taking / polarity [gas=H, 6 =3.7e + 13 cm~?]
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e Systematic limit from P reached after few minutes for

Jhy —

very short pH' runs during Run 4!

precision TSSA measurements possible with

e Event rate further enhanced during HL-LHC (Upgrade II)

e Cell target example: P=0.70+0.07, 0 =3.7x10"/cm* (used
1nh the plots)

e Jet target example: P=090=+0.01, 0~ 10"%/cm?

0.05 -

0.04 -

0.03 A

0.02 -

0.01 -

0.00 -
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An example measurement: GSF [JHEP 12 (2020) 010]

® Gluon Sivers Function (GSF) can be probed with ® This can easily be measured with LHCspin!
quarkonia and open heavy-flavour production e Full LHCb simulation for fixed-taget p-H collisions
e broad x range at a scale MT=\/M2+P% with e Emulate the polarisation according to a given model
several unique probes: #. y.. y,, JWlly .. -~ fit the resulting pseudo-data

kinematics: ® AP=5%, negligible 1n this example

TSSAon J/W — u'u-

[N + X
. pp —J/¢ _ _ %2 / ndf 1.891/6
Xl - | ' | | ' | I 4= 0.2— " _ ) +
" Vs = 115GeV ] 2 = Cell position [-670,-470] mm ai 0.08489 = 0.01049
0.6 Pr=3Gev 1 S ods = N = 55828 events a2 0.01476 = 0.011
: 1 |o < - xp €[-0.30,-0.10]
O 1 B 0.1 p. €[1500,6000] MeV Lﬁ C
............... 12 - T - spin
0o2F e 1 0.05
. ~ - e
Z. 0 frorm e s s T T T T e = g o . e T3
u N -
i S —
0.2 ¢ 1 M ~0.05—
! CGINRQCD f-type S n
04 F CGI NRQCD d-type ] k_lg 0 1:_
o CGINRQCD quark 1 | B =
06l CGI CSM f-type 1 = - |
Rl T GPM NRQCD *++ I ~0.15— == asin(P)
I | | | | GPM CISM ] E -- a,sin(2P)
_0.8_0 3 _O 2 _O 1 0 0 1 O 2 O 3 _02 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
° ' ' ' ' ' -3 -2 -1 0 1 2 3
XF q)
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https://arxiv.org/abs/2007.03353
https://arxiv.org/abs/2007.07755

Conclusions

e The FT program at LHCb 1s active since Run 2, now greatly enric
e SMOGZ early results demonstrate simultaneous beam-gas and beam-
e LHCspin 1s the natural evolution to extend SMOGZ2 and to bring s

e Vast physics program with both unpolarised and polarised gases,

ned with the SMOGZ2 cell for Run 3

peam data-taking with excellent performance

n1in physics for the first time at the LHC

with plenty of observables & unique final

states (some examples shown, find some more in the backup slides)

e High degree of complementarity with existing facilities & EIC

e The R&D calls for a new generation of polarised gas targets: challenging task but worth the effort!

Low-x 2023 Marco Santimaria
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Heavy 1on fixed-target collisions

® The LHC delivers proton beam at 7 Tev and lead
beam at 2.76 TeV, while the storage cells
technology allows for an easy target change

e Great opportunities to probe nuclear matter over

a new rapidity domain at y/s =72 GeV

e Suppression of cc bound states as QGP thermometer
e Complement the RHIC Beam Energy Scan (BES) with

a y scan
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110 L
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: &’# J/% I—J_ }_% (1)15.5yc;e3{5 :
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- ;% TE_Z;
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| O+ dN/dyscan =, K, p, A

® |Integratedy =, K, p, A E
> "BES" 0<y<0.5 =, K, p, A (a) -

100 200 300 400

[PRC 98 (2018) 0349057 Mg [MeV]
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® Probing the dynamics of small systems via Ultra-
relativistic collisions of heavy nuclei (Pb) on
transversely polarised deuterons (D")

e Deformation of D' is reflected in the orientation of
the generated fireball in the transverse plane

dT+A

J3=t1

D polarised along @, ,
perpendicular to the

beam
v2{Pp}<0
NW
2218 16 14 12 10 9 8 7 6 5 4 W3
"’E_ WITT T 17 1 [ [ [ [ [ [ [ [ [ [ [
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~0.02 B
S
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https://arxiv.org/abs/1906.09045
https://arxiv.org/abs/1806.01303

The spin puzzle & GPDs

e TMDs — nucleon spin

¢ Orbital Angular Momentum (OAM) information via
TMDs 1s only indirect: position and momentum
correlations are needed

® Quark OAM from GPD moments via Ji Sum Rule:

1 1
~ = J900) + TG = AR + LIG) + T )

[PRL 78 (1997) 610-613]

e Experimental hints of large OAM contribution

e GPDs can be probed via UltraPeripheral
Collisions (UPCs), dominated by EM interaction

Low-x 2023

[PRL 99 (2017) 112001]

e Exclusive dilepton / exclusive quarkonia production,
the latter being sensitive to gluon GPDs

[PRD 85 (2012) 051502]

@ e UPCs already
studied at LHC 1in

collider mode

Y<: i e LHCspin to access
photon fluxeZ2 Q . Q) the unknown E,
B S via TSSAs: a key

element of the
sum rule

-
-
~ -
""""
-~ -
---------

[ArXiv:1709.09044]

e GPDs to make a
3D "picture”
of the proton

by (fm)
by (fm)
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https://arxiv.org/abs/1112.1334
https://arxiv.org/abs/hep-ph/9603249
https://arxiv.org/abs/0705.2409
https://www.ilnuovosaggiatore.sif.it/issue/10
https://arxiv.org/abs/1709.09044

