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Fixed-target physics at LHCb The LHCb Upgrade T detector
[LHCb-DP-2022-002]

Side View ECAL HCAL

e LHCb 1s a general-purpose forward M3
spectrometer, fully instrumented in 2<n<5 gas target Magnet Scifi RICH2 M2
and optimised for b- and c-hadron detection R

M4 Mo

e Excellent momentum resolution with VELO +
tracking stations: ¢,/p=0.5-1.0% (p € [2,200] GeV)

e Particle identification with RICH+CALO+MUON

e Run 3 (ongoing): new detector & fully-
software trigger to face 5x luminosity

increase wrt Run 2

it
p L
5
¢ Fixed-target kinematics:
O pp/pA collisions, 7 TeV beam:
Jd \/Ez\/szEp:“S GeV 1: beam, 2: target
0.45 -7 TeV 2< Yy <5 = =30<yys<0 Large CM boost — large x, values (x;<0)

AA collisions, 2.76 TeV beam:

‘ sy = 712 GeV
2.76 TeV
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https://arxiv.org/abs/2305.10515

SMOG and SMOGZ

[ArXiv 2407.14200 submitted to Physical

Review Accelerators and Beams |

e The FT program at LHCb 1s active
since 2015 with SMOG: 1nject noble
gases into the VELO, populating
z=%x20m 1nside the beam pipe

e Trigger on beam-empty collisions:
turn LHCb 1into a FT experiment!

e See our publications — here

e “SMOG2” gas storage cell installed
for Run 3:

® 8§ -35X density wrt SMOG

e Negligible impact on the beam
lifetime: 7™ <2000 days,

beam—gas

o A e~ 500 h

Theam— —gas

e Luminosity precision at the percent
level thanks to new GFS and
temperature probes

e Can be filled with: He, Ne, Ar,H,
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
https://arxiv.org/abs/2407.14200
https://arxiv.org/abs/2407.14200

[ArXiv 2407.14200 submitted to Physical

FT event reconstruction in Run 3 ovien Accelorators and Beamed

— pp+pHe Rec.ble distr pp+pAr —pp —pHe

. . * 1 2 ' ' ' | ' ' ' | ' ' ' | ' ' ' | '
Qd — ° . ] i
1. Beam-beam and beam-gas interactions are well detached = C LHCb Upgrade simulation =
: : .. 1 T T _
2. Full vertex & tracking reconstruction efficiency 5 [ E— Jﬁ%*”“*-~_~a--””””“ 1 @
retained in the beam-gas region 9 081 $ + ﬁ# — |
= - } . &
3. Negligible increase of multiplicity — small impact Z 06 4 7
. . ® B | !
in the LHCb reconstruction sequence S o4F ERS
Vot R — N
E 02— 1 8
e Confirmed with 2022 data: beam-gas and beam-beam o et s\ et I e = -
simultaneous data-taking with the same resolution! -400 -200 0 200
,, z [mm]
5 | T T =
£ 008 — PV, >-300 mm — =
2 = 2C L - -
Z 007 PV, < -300 mm s
o] — Run3 commissioning ] (v w)
8 'qz 0.06 :_ KO _) 71_—7[— :|: Preliminary _: _IHI_I
— — - \) =
< g 0.05 e
—c% S - 1 M
O Z. 0.04 E_ —E g
0.03 | = I
0.02 [ = :g
[ _] -
0.01 | — —
0 [ 1 I 1 1 1 | | | 1 1 ]
400 450 500 550 600
M [MeV/c?]

e LHCb 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
https://arxiv.org/abs/2407.14200
https://arxiv.org/abs/2407.14200

SMOGZ2: early 2024 data

[ArXiv 2407.14200 submitted to Physical
Review Accelerators and Beams |

¢ SMOGZ2 1s performing very well!

e Right: recorded luminosity in May 2024 (D,, O, to be tested)
e Bottom plots: 52nb~' , collected in 1h4@mins
e Jiw— utu~ and D’ - K 2" in p-Ar data-taking

® A > pr~ 1n p-Hz data-taking, reconstructed in the first trigger
level running on GPUs [Comput Softw Big

Sci 4, 7 (2020)]

D' - K=z*
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© 9000 .
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https://link.springer.com/article/10.1007/s41781-020-00039-7
https://cds.cern.ch/record/2898697
https://arxiv.org/abs/2407.14200
https://arxiv.org/abs/2407.14200

The LHCSP'LI’] pr‘Oject [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 QLD Laboratory at LHL:
ol I LHCDb . LHCb 110 GeV

10% ATLAS/CMS  EEE HERA e Large-x content of g, g 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% _—— eBroad and poorly explored kinematic
| B range
107} e High luminosity, high resolution
| detectors: access to a large variety
101; of probes
| e Several unpolarised gas targets
O O VR SO e Polarised gas targets: H!,D!
1070 10 10 10 10 10! 100 ’ ’

i
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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 1/2

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

1.4

¢ Drawing: cylindrical target cell with L=20cm and D=1 cm T Ew
(SMOG2 dimensions) T
e |HCb simulations show broader kinematic acceptance & better 1

reconstruction efficiency when the cell 1s close to the
Vertex Locator (VELO) — modified flange 1s shown

III|IIIEIII|III|III|III|

e Qur new fully-software trigger gives flexibility & room for N\,  7F - pome oo TTT T ITITIE
improvement e.g. better reconstruction algorithms, dedicated . :EB:
trigger lines.. this 1s already ongoing for the Run 3 O
2ZE
L / l800 00) [2:7]0»500] [;6,;0: 470];:;’;1 900 [:5,:]‘@ 360][{;;0]@ 300][[:,3;7 200][; :)jo 10 [[I:,:;D 0 m[] 00, 700]["[:;00/ g
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J/'W — u*u- reconstruction efficiency
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The Polarised Gas Target 2/2

e Inject both polarised and
unpolarised gases via ABS and uGFS yoke

MAGNET INFO FOR THE CELL ACCESS

,,,,,

FEED THROUGH SERVICES
i

FEED THROUGHS:

- ABSx1

- BRPx1

- Ugfsx1

- Motors x 2

- Thermal sensors x 1

R
,:n__————v LU e A

2 S

coils
MAGNET IN TWO SEPARATED COILS
ABS
i - C SHAPE YOKE OR WITH A SIDE
~ REMOVABLE PLATE

rface contours: B
1.660342E+00

1.600000E+00

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

250, | 1 400000E+00

H— 1.200000E+00

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

H— 1.000000E+00

—— 8.000000E-01

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

—— 6.000000E-01

H— 4.000000E-01

[PoS (SPINZ2018)] iwmmz
Diffraction and Low-x 2024 Marco Santimaria 8/21

® Possibility to switch to a solenoid and provide
longitudinal polarisation



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

Kinematic coverage

e Full LHCb simulations of p-H fixed-target collisions at 4/s =115 GeV
¢ Current SMOGZ2 region: [-560,—360] mm . Possible solution to fit the PGT: [-670, —470] mm

e The kinematic coverage depends on the cell position — x range shrinks when moving upstream

Vs = \/2mNEp =115 GeV

Using x. =2E;/,/syy sinh(y*)

p_(J/¥) [MeV/c]

7 TeV with EZ=M*+ P;
LHCspin cell SMOG2 cell to
LHCb
J/'¥ — u*u- [-800,-600] mm JW — u'u [-670,-470] mm J/W — u*u- [-600,-400] mm J/'W — u*u- [-560,-360] mm
_ _ ] x10° ]
6000?— . é sooof— . é 6000 é 6000
- o5 T E- s b R T
« 5000 - > 5000 v 2 5000 o 5000
4ooof— :‘_ :F 40002 2 -:-Z- 4000fs-5- 40003
3000?— -F 30005— - ‘-T- 3000F- S 3000
2ooof— 2oooi—= 2000 F- 1 T 2000 Fe
1000?— h - ~ - rit S 10002'— P 1000 1000
-8.;5: - o3 — 555 : '-'—E)l.zl- : oa5 o1 005 0 -XF -8.\?’,5;?' '-o|3' = lolzé--:rrr-z)fz 7 S ¥ Ea—y.+ 48 -8.--
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xp acceptance
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e c-hadrons will have the
largest product of cross
section and reconstruction
efficiency

e Only a small portion of the
expected statistics 1s shown:
can cover broad x values (see
next slides)

— unique opportunity to
probe gluon TMDs!
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ABS and BRP R&D

ABS & BRP IN VERTICAL LAYOUT - SIDE VIEW

V.

Atomic Beam Source

ccccc

00000

Breit-Rabi
polarimeter

Carassiti - INFN Ferrara

Diffraction and Low-x 2024

[NIMA 540 (2005) 68-101]

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

e No need for additional detectors in LHCb: very small
cost!

e Aiming at HERMES performance:

Polarisation degree: ~85%
Intensity of injected H-atoms: 6.5x10' s7!

FT luminosity (HL-LHC): ~ 8x 10 cm™2 s7!

Marco Santimaria 11/21


https://arxiv.org/abs/physics/0408137

More on the R&D

e Coating studies ongoing for the inner walls of the cell. Control secondary
electron emission and hydrogen recombination [NIMA 1068 (2024) 169707]

e We want to start the R&D with a test setup at the IR4 (“Phase 1”) ahead of Run
5 installation in LHCb (“Phase 2”)

e The IR4 has a lot of space, rails and racks for the existing (and not used)

“Beam Gas Vertex”

-~

o ————
-
-
-

----

-~

=
-~

IR6 (beam
extraction)

IR7
IR3
[ (betatron
(momentum L
L collimation)
collimation)

IR2 (ALICE,
injection B1)

IR8 (LHCb,
injection B2)

-~
-----

f”
-

———
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Existing setup at IR4

-\
\\., \'{\~ o d ‘ = il
X Nyw? b |
NN TS S~ N\
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[ —

HL-

Beam Gas Vertex instrument
Potential integration of a gas jet as target

Robert Kieffer
rkieffer@cern.ch

CERN
@ BGC Collaboration Meeting at the Cockcroft Institute June 2019

LHCspin setup at IR4

— _Ftal k_|
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https://doi.org/10.1016/j.nima.2024.169707
https://indico.cern.ch/event/817655/contributions/3442649/attachments/1861615/3059737/2019_06_BGV_GasJetTarget.pdf

Test setup at the IR4

e The ABS 1s at COSY (Julich), and will be moved
to INFN-Ferrara for first tests and then
installed i1n the IR4

e A minimal detector could also allow to make
some first (unique) measurements.
More in — this talk

[86-€8 (€T0Z) 127 VWIN]

ALTERNATIVE SETUP:

e A jet target would provide lower density
( ~ 1/40) but higher polarisation degree

e PRO: precision measurements on high-statistics
channels, easy to install

e CON: Makes kinematic binning and rare channels
harder

Trackin
. g Iron wall
stations —l r'

g
——

e This R&D would be be parallel to LHCb and open
to _external members!

magnet Muon
BRP chamber
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https://indico.cern.ch/event/1384105/contributions/5943176/attachments/2861556/5006622/santimaria_COMAP24.pdf
https://doi.org/10.1016/j.nima.2013.03.043

LHCsp1in physics: overview

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

e EIC measurements to focus on low-x, starting
~2035. Cost: 3B$ e Based on the current SMOGZ2 performance, we can

, , estimate for a Run of p-H collision at LHCspin:
¢ higher 0? reach with future EIC upgrade

10% _ Current polarized DIS ep data:
E o0 CERN ADESY ¢ JLab-6 O SLAC & JLab-12 YYVYYVYYVYVYY Channel Events / Week Total yield
- Current polarized RHIC ppdata: 7~ 7 4 T o 1T 1 N9
o| ®PHENIXx’ 4STAR1-jet vW bosons o J / Y= pTp X -O - ' 1.0 x 10
\E DO — K-t 6.5 x 107 7.8 x 10°
Y $(29) = ptpm 2.3 x 10° 2.8 x 107
) _ _ )
O el J/WI /Yy — putu~ptu~ (DPS) 8.5 1.0 x 103
L : J/WJ /Y — pTuptu (SPS) 2.5 x 10! 3.1 x 103
Drell Yan (5 < M,,,, <9 GeV) 7.4 x 10° 8.8 x 10°
0} N T — ptp 5.6 x 103 6.7 x 10?
W At = pK -t 1.3 % 106 1.5 % 108
0’ ’0’;4‘0
- o r ............ R, e I C T . | :
10"

e Note: fully-reconstructed & selected events!

e |HCspin to best cover mid- to
high-x at intermediate Q?

Diffraction and Low-x 2024 Marco Santimaria 14/21



Unpolarised targets: PDFs

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

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

[PRD 93 (2016) 0330006]

e ITnvestigate the
structure of nucleti:
especially in the anti-
shadowing region (x~0.1)

[ArXiv:1807.00603 ]

Diffraction and Low-x 2024

1.8

1.6}

1.4

1.2¢

0.8}

0.6

0.4F

02l s

- CT14 pp=10 GeV
- CT14 pp=100 GeV

10™

102 102 1
X

0.2 03 04 05

0.6 0.7 08309 1.0

[PRD 105 (2022) 014001 ]

e Study the Intrinsic
Charm component 1n
the proton, first
measurement done
with SMOG on pHe

[PRL 122 (2019) 1320027

¢ Provide crucial
1hputs for neutrino

fluxes, UHECR and
DM annihilation

xc(x,Q), comparison

10_1 s T LI T T T T I —
- CT14nnlolC (BHPS 1%) 3
I CT14nnlo (90% c..) i
i Q = 1.41e+00 GeV 5
2 L |
ool ® with IC l
- e without IC E
- [R. Maciula @ lowx22] ]
10—4 L L |

107
X

—h

[JHEP @5 (2017) @004] [ARNPS 61 (2011) 467-489]

nCTEQ15
DSSZ
HKNO7
EPPS16

Gluon for Q) =2 L

10

3 -2

10

PR T i T e ol m— L

[ArXiv:1906.07119]

—|— AMS-02 (Utot)
—— Baseline prediction
1 Total uncertainties

Santimaria
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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

e Investigate the 3D structure of the nucleon: GPDs and TMDs

quark polarization

7 . ,E; Wx U L { B8 i
L w kt =zP*t 'E;l'
5.1 ] Slo| w | sy | s | sy
| L | (Stey) (SLST) (Spl1Sied) | (SplySied)
20 ST, | (S.08) | (Sol9S%EL) | (S.59) | (S.£483¢5)
3| T, | (S,49) | (S,eaS%e8) | (S,55%48) | (S,S9)
[ d V \f‘d2 by
4 _.pt|GPD | U | L i3 T™MD | U | L T
E ﬁ U | H i v [ hit
L E? Z?T L giL hfl
P LT B E | Hr, Hry T | fiz | oir | b1, hiy

 from B. Pasquini @ DISZ2021
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® red: vanish if no OAM

~ 0+3D

: accessible at LHCspin (dipole)

. accessible at LHCspin (solenoid)

Marco Santimaria
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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 To access the transverse motion of partons 1inside a
polarised nucleon: measure TMDs via TSSAs at high x!

(and low x,)

q 2 V&
1 GT—Gi fl (xlale)
Ay = 1 7 4 2\ o A 2
Po'+o fl (xlakT1)®f1 (.Xz,sz)
® Drell-Yan kinematics @ LHCspin (~30k
events) and ~11 MeV mass resolution
pp — utu~ [-670,-470] mm
| 7000~ : . % - 10°
R 6000;.’ 7 5 : - 5 % -. 5 :.{-' LT > 4505_ 2<M,, <5 GeV oa htemp_o.g)?%g
- - s e T e 4002_ 8&5;\:“ Efg
5000/~ 350 - Sama 10073
40005—":-_ ".:f h-_" EEF . -2 3002_ -
2000 %—;-’{;_ :5._ 2 A 1502—
i N
-Oo.:3 T 30 20 10 0 10 20 30 Mlg‘:g;\lllreco MeV]
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e Projections of polarised DY with 10 fb~! of
data from [ArXiv:1807.00603]

C 4<M,, <9GeV/c’
0.05dM =05 GeV/c?

pp (s=115 GeV

OF
> —0.05F
< F
—0.1:— ——3<y® <4
_015:_ _’_4<ylab<5_:
_ -1 -
_02:_Lpp:1()fb E
- eff. pol. P=0.8 .

R T A I S I BT BT I
_OQQ) 0.1 02 03 04 05 06 0.7 08 09

x!
® Precise measurements but also unique features:

e Verify the sign change of the Sivers TMD 1in DY
wrt SIDIS:

f 1¢Tq(x, k%)DY =—f lqu(X, k%)SIDIS

e + 1sospin effect with polarised deuterium

17/21


https://arxiv.org/abs/1807.00603

More TMDs

: . : : Lg 2 Lg 2
e Azimuthal asymmetries of the dilepton pair to probe TMDs: 40520 _ hy " (e, k) ® By (2, k)
Uu 7
o h, : transversity — difference in densities of quarks having T pol. 11 or ff(xbkﬁT)QfoC&bk%T)
t1 1n T pol. nucleon s flq(xlak%T)@flqu(xzak%T)
L e . . ~ L
o f4 . Sivers — dependence on pr orientation wrt T pol. nucleon ur ff](xl,sz)‘X’flq(xzasz)
e 119 : Boer-Mulders — dependence on orientation wrt T pol. quark in unp. Lq 2 Lq 2
nlucleon ’ o ’ ’ g ASinQe+ds) hy " (xns k) ® hyp (s ko)
UT

q 2 g 2
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e gluon-induced asymmetries: hlig never

measured, can be accessed together with the
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https://arxiv.org/abs/1710.01684
https://arxiv.org/abs/1807.00603

Expected precision on A,

e Convert the expected rate into the

uncertainty on a TSSA at LHCspin: e Systematic limit from P reached after few minutes

for Jiy — utu=: precision TSSA measurements

1 NT = NV 1 bl i +h h ) l
N:PNT+Nl —  AAx~ - possible with very short pH' runs!
V2N e Cell target example: P=070+0.07, 6=23.7x 1053/cm?
e AA, showed for different polarisation degrees (used 1n the plots)
on two scenarios: small asymmetry A=2% e Jet target example: P =090+001, 6~ 102/cm?

(left) and large asymmetry A=10% (right)

m’@% minutes of data-taking / polarity [gas=H, 6 =3.7e + 13 cm~?] ‘-ﬁ-’w@ minutes of data-taking / polarity [gas=H, 6 = 3.7e + 13 cm~?]
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Scenario: A=2% 0.05 -
0.030 - P=1.00+0.00 (Ay = 0.02)
I_ C —— P=0.90+0.01 (Ay = 0.02)
Spln P=0.70£0.07 (Ay = 0.03) 0.04 -
0.025 - | — P=0.70£0.20 (Ay = 0.03) '
Scenario: A=10%
0.020 1 0.03 - P=1.00+0.00 (Ay = 0.10)
f f I_ C —— P=0.90+0.01 (Ay = 0.11)
0.02 - — P=0.70£0.20 (Ay = 0.14)
0.010 A
0.01 -
0.005 -
1 1 1 1 1 O'OO - 1 1 1 1 1
10000 20000 30000 40000 50000 10000 20000 30000 40000 50000
Reconstructed J/y—»u ™ u~ events / polarity Reconstructed J/y—»u* u~ events / polarity
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An example measurement: GSF [JHEP 12 (2020) 010]

® Gluon Sivers Function (GSF) can be probed with

quarkonia and open heavy-flavour production ® This can easily be measured with LHCspin!

e Use LHCb simulations & emulate the polarisation
according to a given model — fit the resulting

several unique probes: #. x. x,, JlwJly with pseudo-data

excellent mass resolution (see — backup)

e Broad x range at a scale MT=\/M2+P% with

® A, ~0.1+001 with 4x:x2p,x8¢ bins on J/I¥ — u*u-
e A, predictions on J/¥ - u*u~ with LHCspin

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

pp' =T/ +X TSSAon J/W — u'u-
0.8 l— T T T T T T T > — Xz / ndf 1.891/6
/T Vs=115GeV ; g O2F  Cell position [-670,-470] mm a 0.08489 + 0.01049
0.6 [ Pr=3Gev 1 — - N = 55828 events a2 0.01476 = 0.011
A T eveeerat - é < . Xr €[-0.30,-0.10]
""""""""""""""""" - 0.1— p.. €[1500,6000] MeV L C
L e 1 5 — i\ - spin
0.2 15U I SR __‘ N — RS .
L 1 0.05[— S
Z T O e J -
< O 1S e e Y A CErL ey
I N O— s . Tt . Tl
_ N = S T T
'02 [ -] N —
I CGINRQCD f-type S -0.05[—
04 L CGINRQCD d-type 1 =
T CGINRQCD quark -~ 1 IS _01—
06 F CGI CSM f-type - ,'j - — Total
VO GPM NRQCD *+++ ;= PR o sin(®
0.8 : PRIl | | | | GPM C|SM ] o - -- leslillll((Z(;))
-0. - : : : : ' — 2
_0'3 _0.2 _0.1 0 0.1 0.2 0.3 _02 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-3 -2 -1 0 1 2 3

¢
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https://arxiv.org/abs/2007.07755
https://arxiv.org/abs/2007.03353

Conclusions

e The FT program at LHCb 1s active since Run 2, now greatly enriched with the SMOGZ cell for Run 3

e SMOG2 early results demonstrate simultaneous beam-gas and beam-beam data-taking with excellent performance
e |HCspin 1s part of the LHC

for t
e Vast

ne first time at the

physics program with

» “Upgrade 2” and represents the natural evolution of SMOGZ to bring spin physics
LHC

poth unpolarised and polarised gases, with plenty of observables & unique final

states (only a few examples shown, see more in the backup and in — this talk)

e High degree of complementarity with existing facilities & EIC

e A simple setup at IR4 will serve as a starting point for the R&D and possibly to make interesting
measurements. Get 1n touch 1f you’re interested!

Diffraction

and Low-x 2024
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https://indico.cern.ch/event/1384105/contributions/5943056/attachments/2861160/5006282/Pappalardo_COMPASS-LHCspin%20workshop.pdf

Comparing J/y — utu~ with PHENIX and COMPASS

e LHCspin strength point and
uniqueness will be heavy flavours,
mostly unexplored by existing
facilities with the exception of
the J/y, for which measurements
have been performed at PHENIX and
COMPASS:

e PHENIX: ~ 21k signal candidates
(2006 + 2008 data) — at LHCspin
they can be collected 1n ~10
minutes (cell) or ~7 hours (jet)

e Mass resolution: LHCb nominal
13 MeV at the J/y mass and

~ 42 MeV at the Y mass

o,, B ~

HHU
0/4/4

e Can also measure excited states &
heavier mesons

— we can greatly complement these
results with high precision
measurements and much larger
kinematic coverage!

Diffraction and Low-x 2024

[800-€20Z2-TdNDII-9DOH1]

PHENIX: 2000 and 2008 data
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https://cds.cern.ch/record/2859158
https://iopscience.iop.org/article/10.1088/1742-6596/678/1/012050
https://iopscience.iop.org/article/10.1088/1742-6596/678/1/012050

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

Diffraction and Low-x 2024

¢ 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

Marco Santimaria

D polarised along @, |,

perpendicular to the
beam

e Suppression of c¢¢ bound states as QGP thermometer dT+A
e Complement the RHIC Beam Energy Scan (BES) with jr=t1
a y scan
'_'150_'l""l""l""l_
% " 62.4 GeV 27 GeV v2{®p}<0
2 - 0<y<0.5 0<y<0.5 19.6 GeV
0<y<05
7 e %@#V@r """" Yo I AR
0<y<05 al
_ T ’9‘0'08_
E zzsciev<3 l/ 7.7 GeV : [ﬁ'
130 f 5w, #00 B3k
/%¥ o
72 GeV
120 _----O---dN/dy scan :m K. pA s - 0.02
® |Integratedy =, K, p, A :
L D> "BES"0<y<0.5 =, K,p, A (@) - 0
100 200 300 400
_0.04M
[PRC_ 98 (2018) @34905] Mg [MeV]
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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 1indirect: 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

Diffraction and Low-x 2024
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e Exclusive dilepton / exclusive quarkonia production,
the latter being sensitive to gluon GPDs

[PRD 85 (2012) ©51502]

@ e UPCs already
studied at LHC 1in

collider mode

e | HCspin to access

the unknown E,

via TSSAs: a key
element of the
sum rule

photon flux«Z2

[ArXiv:1709.09044]

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

by (fm)
by (fm)

[PRL 99 (2017) 112001]

140 -05 00 05 1.0 10 -05 00 05
by (fm) by (fm)

1.0
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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

