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Introduction

In this talk:
1. Kinematic acceptance & reconstruction efficiency L
2. Expected yields for selected channels  ;"” I 4
3. An example measurement: the gluon Sivers function «

® The results are based on full LHCb simulations with p-H FT collisions

e Plenty of channels available, will focus on J/yw— u*tu~ as a benchmark

1: beam, 2: target
Large (M boost — large x, values
A 28 Vp =5 = =3.0<yeys <0

Vs = \/2mNEp =115 GeV

}/=£~6O
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LHC

b capabilities for FT

e Strength points of LHCb:

® Fully instrumented 1n 2<5n<5 and optimised for b- and c-
hadron detection

e Excel

e Excel

e.g.

Llent momentum resolution: ¢,/p=05-1.0% (p € [2,200] GeV)

lent particle identification with RICH+CALO+MUON,
e, ~98% with e¢_ <1% , hadron separation, y/e

H U ~

¢ Light hadrons (x,K..) are also abundantly produced and

well

reconstructed, but will not be considered in the

following since are not unique to LHCspin

e Can do simultaneous p-p and p-gas data-taking
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https://cds.cern.ch/record/2804589
https://cds.cern.ch/record/1624074?ln=en

Heavy flavour channels: examples
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c-hadrons will have the
largest product of cross
section and reconstruction
efficiency

Exotic probes and b-hadrons
are also possible

This 1s just a portion of the
expected data (see later)

— unique opportunity to
probe gluon TMDs over a broad
X range!

g c.b
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Expected y1ields

e SMOGZ2 1s performing above the expectation
despite detectors are still under commissioning:

e Assuming 84 hours of data-taking per week and 120-week

Run.. we can collect a huge amount of data!

U400 g E
~ n LHCb preliminary .
= 350F 2022 = .
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[LHCB-FIGURE-2023-008]

® Based on this milestone, we can project to
¢ =6.5x%10'° atoms/s (HERMES ABS) and SMOGZ-
like cell conductance

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

® This 1s the number of fully-reconstructed and selected
events based on our current capabilities

— 0=3.7x10"/cm* for polarised hydrogen e Fully-software trigger allows further improvements
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https://cds.cern.ch/record/2859158

Polarised Drell-Yan

e To access the transverse motion of partons inside a e Projections of polarised DY with 10 fb~! of
polarised nucleon: measure TMDs via TSSAs at high x] data from [ArXiv:1807.00603]

(and low x,)
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e + 1sospin effect with polarised deuterium
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https://arxiv.org/abs/1807.00603

More TMDs

hi_q(xl ’ k%T) X hch_](-x% k%T)

. . . . . ACOS20 3
e Can probe TMDs via azimuthal asymmetries of the dilepton pair: vu flq(xlak%T)®f1q(x2,k§T)
e k! : transversity — difference in densities of quarks having T pol. 11 or 1| q ) 1g 0
pol. nucleo T

Lg

4 1 Sivers — dependence on p; orientation wrt T pol. nucleon

Wy (x1, k2,) ® hyt(x, k2,)
UT

nucleon flq(xl,k%T) ®f1q(x2,k§T)

hi_q(xl ’ k%T) ® hi](XQ, k%T)

flq(-xla k%T) ® flq(XZa k%T)
e 1! : Boer-Mulders — dependence on p; orientation wrt T pol. quark in unp. ASin(2é+ds)

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

ASin(2¢_¢S) N

. . ur q
o f 1 unpolarised TMD, always present at the denominator ff’(xl,k%T)ébff(xz,k%T)
L2
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e Polarised Drell-Yan to access unpolarised TMDs of sea 0.05¢ Apnfsm - _
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.. . . = 0.04r 1 =
® A good precision can be attained with ~1IM events and I <
20-40 MeV mass resolution 2503 | |o
¥ S
e Also, dedicated trigger lines can be i1mplemented e.g. B ‘ | s
tight muonID and relaxed p cuts, electron lines.. 2 00 =
' | &
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https://arxiv.org/abs/1807.00603

Heavy-flavour and comparison with PHENIX

¢ |HCspin strength point and uniqueness will be heavy
flavours, mostly unexplored by existing facilities

e The (only?) exception 1is J/y, for which measurements have
been performed at PHENIX 1in polarised pp at +/s =200 GeV.
However, compared to LHCspin:

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

e Mass resolution ~ 150 MeV — 5, ~ 13 MeV at the J/y mass

and 6, ~ 42MeV at the Y mass

® y(2S) barely visible — can measure excited states

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

e Also, with a few thousands of di-J/yw events we could
measure the gluon Siverstﬁf , transversity h$ and

pretzelosity £

¢ Unique 1n FT! Challenging, but specific lines can be
developed already in the Run 3

[PLB 784 (2018) 217-222] [J. Bor @ DESY 2023]
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https://arxiv.org/abs/1009.4864
https://arxiv.org/abs/1710.01684
https://indico.desy.de/event/41404/contributions/156389/attachments/87509/116912/Presentation%20DESY%202023%20Jelle%20Bor.pdf

Expected precision on A,

e Expected uncertainty on a TSSA at LHCspin:

1 NT =N 1
Ay = - AAX
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)
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Reconstructed J/y—»u* u~ events / polarity
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e Systematic limit from P reached after few minutes
for Jiy — utu~: precision TSSA measurements
possible with very short pH' runs!

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

e Jet target example: P=0.90+0.01, 6=~ 10"%/cm?

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

10000 20000 30000 40000 50000
Reconstructed J/w—»u * u~ events / polarity
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Polarised data [JHEP 12 (2020) 010]

e Qur MC 1s unpolarised. The polarisation can be emulated by assigning +-1 state according to

| o e o e
p:§{1+<a1+a2x * | ang pT)Sinqqu(lerng ‘ | bng pT)sinZgb}

Lmazx PT max Lmax PT max

e The resulting pseudo-data are fitted, in this examples with two amplitudes 1n 4 x.x2 p;x8 ¢ bins
using A, ~0.1£0.01 and AP =5%

TSSAon J/W — u'u- TSSAon J/W — u'u-
- _ w2 | ndf 1.895/6 - — w2 / ndf 1.891/6
g 9% Cell position [-670,-470] mm at 0.09407 + 0.01366 g 92 Cell position [-670,-470] mm a1 0.08489 = 0.01049
e .F N = 22348 events a2 0.02244 = 0.02396 - N = 55828 events a2 0.01476 = 0.011
n A9 D) Ao
< - xp €[-0.30,-0.10] < - xp €[-0.30,-0.10]
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e U S o < e LT T D
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~0.15— Lﬁ C == asin(®) ~0.15- Lﬁ C - = asin(P)
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_02 : ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] _02 | ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ]
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e Just a starting point: can refine & test any model of choice!
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https://arxiv.org/abs/2007.07755

An example measurement: the Gluon Sivers function

TSSAon J/W — u'u-

. 2
e A simpler approach for large asymmetry: x, and p, dependence > 02f x”/ndi 146974
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e We can provide precision measurements well able to -
distinguish among theoretical predictions of the GSF 005
e Kinematic coverage given below for ~300k events (small O I
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https://arxiv.org/abs/2007.03353
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Reconstruction efficiency

e |HCb simulations show broader kinematic acceptance &
better reconstruction efficiency when the cell 1s close
to the VELO, however:

e Several reconstruction & trigger improvements have
already been deployed for the Run 3

e More reliable number will come with data next year, so
here the focus 1s on ratios of efficiencies

J/¥ — u'u- reconstruction efficiency vs cell position
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MAGNET INFO FOR THE CELL ACCESS
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p_(J/®) [MeV/c]

Jlw — utu~ kinematics vs cell position

o Using x;=2E;/,/syy sinh(y*) with EZ= M?*+ P

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:
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® Here are ~300k events per plot, just a small fraction of the expected data
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