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I HE LHCDO EXPERIVMENT
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> Single arm forward spectrometer originally devoted to heavy flavour physics, now a general purpose
experiment with unique coverage 2 <y < 5

LH*Cb Déteotor

> i B} iohts & 800 tonnas Electromagnetic _ \
pp/pPb/PbPb and fixed-target %ng“thﬁ: ng"EOt Calorimetor —_— !

modes available

RICH1

> Excellent vertexing, tracking down
to very low p;and | Vertex

Particle Identification Locator

— momentum resolution of 0.5% — 1.0%

for 5-200 GeV/c t
— high precision e, u, 7, K, p, y PID  Target A1 |
‘\
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: : | Station | Muon ]
Large variety of possible | Dipole . Hadronic  Stations |
| Magnet Tracking Calorimeter |
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/pdf
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

FIXED-TARGET COLLISIONS AT LHCbH

»SMOG: System for Measuring Overlap with Gas
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Beam |

> Noble gases (He, Ar, Ne) injected into the LHC beam pipe
around the Interaction Point (IP), pressure ~ 10~" mbar
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Intera ctlon Pomt v j > Can run simultaneously with the main collision mode
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SLITPIYY e > Highest-energy fixed-target experiment ever built!

Electromagnetic
Calorimeter

% LHCb Detector
Weight: 5,600 tonnes
Height: 10 m

Length: 20 m
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“ UNIQUE energy coverage at SNN 68 5 110 Ge C%
| bridge between SPS and RHIC * ~
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» Investigates the high-x of the nucleon target at intermediate Q2
mostly unexplored by previous experiments

:LHCbPUB2018015 e
107° 107 1072 1073 1072 1071 10"

Federica Fabiano — September 23, 2024


http://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/9/12/P12005

TODAY'S MENU

v Fixed-Target collisions:

LHCb-PAPER-2024-036, in preparation

» A" transverse polarization measurement in fixed-target pNe collisions at 4 /syy = 68.5 GeV at LHCDb
arXiv:2405.11324, accepted by JHEP

» Detached antiprotons in pHe at {/syy = 110 GeV

EPJ C83, 543 (2023)-036 /
Beam Energy /

RUN2 SAMPLES
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https://arxiv.org//abs/2405.11324
https://link.springer.com/article/10.1140/epjc/s10052-023-11673-x
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| » MESON PRODUCTION!
| IN pNe COLLISIONS



MOTIVATION

y
/ Neon K™\ > Proton-nucleus collisions:
(o — & . |
P ¢(SS) ~ — baseline for Quark-Gluon Plasma formation
\ ” — characterisation of CNM effects
BR = (49.1 = 0.5) % |
N _ PDGzoz4
* > Previous measurements:
>¢ meson: M, =1019.461% 0.016 MeV/c’ . 1g ———————— ———
'g Cpp—2> 0+ X i LHC (rapidity interpolated) =
— lightest bound state of ss§ ~ 220< 50 GeVie § PHENIX .
© . pT T T T Power law fit .= - B
— abundantly produced C 12 <y<2.2 ROt
— good probe to study strangeness production 107 b = —
— in larger systems (e.g. heavy-ion collisions), - e :
strangeness enhancement is a good signature of QGP s o -
w02 —— EPOS3 hydro =
— in smaller systems (e.g. proton-nucleus), = =
o - e EPOS3 nohydro/nocasc -
Cold Nuclear Matter effects produce effects similar to QGP I ] L
10? 10° = 10*
§ ' Eur-Phys.J.C 74 (2014) 7. 2895 Phys.Rev.D 98 (2018) 9, 092006 s (GeV)
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https://pdg.lbl.gov/2024/listings/contents_listings.html
https://inspirehep.net/files/e1a1e3eea408540602bd22472cf270a5
https://inspirehep.net/files/af47ed12f071241387d9ff6ff129def7

ANALYSIS STRATEGY
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> First measurement of the ¢ production cross-section per nucleon in p, y *in pNe collisions at  /syy = 68.5 GeV

pp contamination factor

d2 G( P y*) B N¢( P y*) C Eur. Phys. J. C 83 (2023) 541
dprdy * Z BR €, pr, y*) Apr Ay * Ay,

> Observable:

g — 217 + 14 nb_l €ti0t - GCZ.ICC X €PV X G;ec()&sel X €Ii)lD X etrig/ematch
Eur. Phys. J. C 83 (2023) 541
~5000 F————————— -
NS = .. -
: ~ 4500 LHCb Preliminary —
> Total of 16560 @ candidates > 2000 E = 65.5 GV pNe E
» ¢ signal is extracted in p,, vy * regions E 3500 - - ?g::l =
> 3000 E- =7 Signal =
pr[MeV/c]. 800, 1050, 1200, 1350, 1550, 1850, 6500 8, soo |V Combinatorial E
S = -
X . _ - _ _ - =
y*:-1.8,-1.3, -1.0,-0.7, 0 g 2000 £ E
= 1500 =
. e ~ 1000 E o
Fixed-target kinematics covers the y * E et -
central and negative emiSphere Only >0 _g
2.5 TeV proton beam implies a boost of Ay =4.29 0 1000 1050 1100

m(K*K™) [MeV/c?]
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https://link.springer.com/article/10.1140/epjc/s10052-023-11641-5
https://link.springer.com/article/10.1140/epjc/s10052-023-11641-5

ANALYSIS STRATEGY

do(pr.y*) N(pr.y*) ¢

> Observable: —
dprdy* Z BR €,,(pr, y*) Apy Ay * Ay,

-
y\’
|
|
.‘

.. S A l l
> Total Efficiency: €,,, = €,.. X € PV X € oco&sel X €pip X €;ig

> Evaluated on multiplicity-weighted Monte Carlo with data corrections on PID, PV and tracking
— simulated Sample with Pythla+EPOS-LHC event generators Phys. Comm. 135 (2001) 238, Phys. Rev. C92 (2015) 034906

> Used to correct signal yields

> Mostly measured in each bin i = (py, y*)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.92.034906

RESULTS

/fT'\ 1 e i 1 1 1 1 | — . . .
S ~ | o 4 *» Double differential cross-section
> — LHCb Preliminary  J F hucleon:
% B VSan = 68.5 GeV pNe _ PEer nucieon.
?i: B ; —s— -18<y*<-13 N
= # : —— 1.3 *<-1.0 —> ‘
;:) 107 = :3:EE — _1.0:}{:-0.7 E Btaf.t. I+ Iated
s = —— e 07<y <0 = statisticaltuncorrelate
= B +E¥E - uncertainties
=) .
cgzﬁ - —— - — Filled areas: correlated
A — uncertainties
- 1 » compatible with rough extrapolation of
i l B LHC and RHIC results although in
: | ; 1 different collision systems and
10_ 1 | 1 1 1 1 1

103 p. [MeV/c] Kinematic regions

» Total cross-section per nucleon evaluated by integrating over y* in [—1.8, O] and p;,,, in [800, 6500] MeV/c

ay(’?pT = 182.8 = 2.6 (stat) = 14.2 (syst) ub/nucleon
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RESULTS

= 10— - - - ———=
\S) — —_
% —  LHCDb Preliminary Data - g 250 N L
§ - \syn =68.5 GeV pNe - EPOS 4.0.2.e1 - % ~ LHCb Preliminary T EITCG;S 402 i
(: === . " .
S 1 = = = Pythia 8.312 = a - Sy = 608.5GeV pNe Pythia 8.312 i
S = 18 < = s 200 y - —
= - B<y* <0 — N -
g P e - = 800 < p. < 6500 MeV/c
S - — s i ! i
2‘ 1 - b‘%>\. — 7
| F 10 = T E—— = el o) i _
'U—g“ - T —— — 150_ N
] TToT ) I ] _
107 £ = - — -
- - 100 il ol —
) I o e " i : - U
10° p. [MeV/c 50" T —
> Theoretical predictions from the most common MC generators I ]
slightly underestimate the result in p;and high y * regions 0~— '_1' s _'1 — '—OI 5 (I)
arXiv:2203.11601v1, Phys. Rev. C 108, 064903 (2023), y *

Phys. Rev. C 108, 034904 (2023), Phys. Rev. C 109, 034918 (2024),
4 Phys. Rev. C 109, 014910 (2024)
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https://link.aps.org/doi/10.1103/PhysRevC.108.064903
https://link.aps.org/doi/10.1103/PhysRevC.108.034904
https://link.aps.org/doi/10.1103/PhysRevC.109.034918
https://link.aps.org/doi/10.1103/PhysRevC.109.014910

N
\

A

AY TRANSVERSE

POLARIZATION
IN pNe COLLISIONS




MOTIVATION

e e e ——— B e S — R —— —

» Transverse A" polarization: discovered in 1976 in pBe collisions » Most recent measurements
using 300 GeV unpolarized beam

Phys. Rev. D 91, 032004 (2015)

Q. I on e on I =

> Polarization effects not expected in particle production from 0.1— —
unpolarised beams at high ener - —#— -
P g gy 0_—'_'.__._—.- ' """""""""""""" —+— """""""""" —

— |Indicates that spin effects play an important role even in high i %f -

» odF LHCh M -

energy collisions E ++ X -

> Common features observed up to now: 2-pr "L  m ATLAS \Vs=7TeV %:
] A /SNN _03'_ O HERA‘B E = 42 GeV —_

> Polarization value increases with increasing x;. - A E799  (s=39GeV X

- 2 NA48 Vs =29 GeV -

and py up to few GeV 04F * M2  Vs=27GeV —

| L1 1 IIII | | | - | IIIII | 1 L1 IIIII LT

> Roughly independent of the beam energy and the atomic mass 10* 10° 10° 10” 1

XF

number of the colliding nuclei

Despite many theories and experiments performed, still not a clear explanation!

al .
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https://indico.cern.ch/event/1339555/contributions/6040920/

ANALYSIS STRATEGY

86000 F T 3500 T =
> Polarization measured in the 2017 pNe sample S b b LHCD 1 S 0F — Daa LHCb E
=00 o el i =684 GeV pNe J - 2 o Signal (sn = 68.4 GeV pNe -
> Decay protons preferentially emitted along the spin 0 4000 — Toul 1 2®"F — Toul E
direction of the A in its rest frame 7 3000f 1 3
< 2000 - 5
— + C - -
0 (A0 7 (77) ) : : :
A (A ) ______ 1090 1100 1110 1120 1130 1140 1090 1100 1110 1120 1130 1140
m(pm-) [MeV/c?] m(pTt) [MeV/c?]

p(p)

> Polarization extracted from the angular coefficient
of the angular distribution

> Measuring the asymmetry in the proton’s angular

distribution
. . . . > A
— if present, would provide access to the A polarization
2
Pbeam .'q
a parity-violating decay asymmetry for A° Ne
production plane arget
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https://arxiv.org//abs/2405.11324

RESULTS

E-‘ 0.4 - T I T T T T T T r T T I =
3 LHCb E
02E (5w = 68.4 GeV pNe
0.1 | -

b
-02f K E
03f « A E
0481 L N (a) -

' 500 1000 1500 2000

p, [MeVic]

E- 04 | | :
0-3 LHCb E
02 (S = 68.4 GeV pNe
0.1f ﬁ :

OE— ------------------------ # ---------- t ................ # ................ =
—0.2 _._ A° -
—03f « A’ (© E
048 —— AN

3.5 3.5 4 4.5
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3 LHCb E
3 [Sxx = 684 GeV pNe -

- | | |
3 LHCb E
= (sxn =684 GeV pNe -
2 AD E
" —0 -
e (4
- | M L | | L -
-0.1 —0.05 0

> Polarization obtained in kinematical range:

— 300 < p; < 3000 MeV/c
—>2<;7< 5

P(A) = 0.029 + 0.019 + 0.012

P(A) = 0.003 £0.023 +0.014

> Polarization studied as a function of

(b) 7
(d) xp

> Error bars convolution of statistical
and systematic uncertainties
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https://arxiv.org//abs/2405.11324

RESULTS

D ‘1 | LHCb-SMOG pNe |s,, = 68.4 GeV |

ATLAS pp s =7 TeV

—O 2 HERA-B pC Vs = 42 GeV

E799 pBe Vs =39 GeV
—0.3 NA48 pBe Vs = 29 GeV

M2 pBe (s = 27 GeV

04
107 1072 1072 107!

Eur. Phys. J. C 6, 265 (1999), Phys. Lett. B 638, 415 (2006), Phys. Lett. B 338,
403 (1994) Phys. Rev. D 40, 3557 (1989) Phys. Rev. D 91, 032004 (2015)
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» AY polarization vs x.

— Comparison with results from other
experiments in different kinematical
regions and collision systems

> Very good agreement in the polarization

> Results in a poorly explored kinematic
region!
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https://arxiv.org//abs/2405.11324

DETACHED

ANTIPROTONS
IN pHe COLLISIONS




MOTIVATION AND ANALYSIS STRATEGY

S ——————— e e e —— _—

EPJ C83 543 2023) 036

o = T T =
» pHe @ 110 GeV (£ ~0.5 nb~!) mimic CR-interstellar medium 2 o7 ;_LHCb — Data prompt J 5
collisions at energy scale relevant for AMS-02 measurements - = pHe s =110 GeV == gﬁtjscthedp ::j'_'%ﬁom material
of antimatter in space (and dark matter?) g 100 F - K~ EEY-a E
- : S 105k =
> Prompt p measurement already constrained models of = = =
secondary Cosmicp PRL 121(2018) 222001 S 10° e e =
. 3 [ ST :
> Measurements now extended to antiprotons produced by 10 0 el e
antinyperons decays 102 G5 el T
- 4..:"1 20 - 1 N 4 3 |~ .E
-5 0 10 ,
~ T I R B - log(x-)
§ sl LHCb —— Data _ > Two complementary approaches performed .
é’ 10 = pHe VSNN= 110 GeV Slgna] >
- o, ] . | detached D
<t I 2 TR Background: — Inclusive measurements of jarge impact
o 3 - — . . . parameter (IP) S,
s 10°E — Model detached antiprotons using impact - ,/
g f : parameter and p identification LI:*CPOt—'Q;AEE_'f, _
small impac
§ 10 T 3 ) parametgr(IP) prompt P
3 =l - — Exclusive measurement of the
"g 10 dominant contribution p
Q N E Y B N X - 1+ svg
1100 1110 1120 1130 N — pr JP%e Ml
m@r") [MeV/c?] : PV.’
' LHCp SMOG He
Vo W,
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https://link.springer.com/article/10.1140/epjc/s10052-023-11673-x
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-031.html

RESULTS

I< L I, |  Nata -
<" 0.6 LHCb —— Data —
- pHe \[syy = 110 GeV —— EPOS 1.99 -
0.5F —— EPOS-LHC -
0.4 —=— HUING 1.38 -
- ——PYTHIA6 -
0.2 — =
0.1} | —f
3 EXCLUSIVE Rt ettty v e e

0 0.6 0.8 1 1.2
p transverse momentum [GeV/c]
Q:m o7 - LHCh | — I]IE)f;%(E)lS 1.99 E
= pHe {sy = 110 GeV —— : -
o G
0.5 Hs PYTHIA 6 -
04 F ._I.._I_, QGSJET-IIO4_:
0.3 E;;:—_'_H : =
02f T : :
01 ;_ INCLUSIVE Nuclear Physics B (Proc. Suppl.) 151 (2006) 143—-146 _;
O - | | | | | | | | f ) ) ) | | | ]

1 2 3
p transverse momentum [GeV/c

_I_h
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> Most commonly used hadronic models underestimate the
antinyperon contributions to the total yield

» Agreement of the exclusive A over inclusive antihyperon ratio
R3/Rg with theoretical expectations secattini et al. £21c 66. 377-386 (2010)

o(pHe — HX — pX)
0(pHe = ﬁpromth)

H=A\ZXZ=Q

R = o(pHe — AX — prnX) By =

o (pHe — ﬁpromth)

PRL 121(2018) 222001

pHe sy =110 GeV

-
5
Q

! ' |
—*— Data

R/Ry
N A

—— EPOS-LHC

<
00
e

Phys. Rev. C92 (2015) 034906
I

\ \ | | | \ \ \ \ \
0.6 0.8 1 1.2
p transverse momentum [GeV/c]

-
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https://link.springer.com/article/10.1140/epjc/s10052-010-1265-y
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-031.html
https://link.springer.com/article/10.1140/epjc/s10052-023-11673-x
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.92.034906

N
\

A

| FIXED-TARGET PHYSICS!
| AT LHCb: SMOG2 |



RUN3 CONFIGURATION

> SMOG2: gas confined in a 20 cm long storage celi
> Higher areal density than SMOG (luminosity increased up to ~ x 100)

> Wider choice of gases to be injected: He, Ne, Ar, H,, D,, N,, O,, Kr, Xe

> Simultaneous beam-beam beam-gas data-taking

200

x10°
§ — > [ ] ogo [ ] [ ] _ °
£ eor Interaction region (op) TCl Possibility to improve the fixed-target analyses:
s — s
- Furd commisioning » Much higher luminosity — better statistical resolution
140 :— reliminary
120 — L 103'; | | | | | E|
. = F LHCbD preliminary, Vsxn = 113 GeV -
100 SMOG?2 cell (pAr) 2 102 & May 2024 _
80, < - Z
oF — See SMOGZ2 poster g - -
- 10 E 3
= and Oscar Boente = F
e Garcia’s talk for more 2 L -
*E S F
- ) — -
0 ‘ | =% - -

~600 ~400 —200 10!
z [mm] 5
LHCb-FIGURE-2023-001 -
10—2 | | | |
' 5 pD, pHe pNe rO, PAr
: : gt Collision system
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https://cds.cern.ch/record/2845444
https://indico.cern.ch/event/1339555/contributions/6040965/
https://indico.cern.ch/event/1339555/contributions/6040874/
https://indico.cern.ch/event/1339555/contributions/6040874/
https://indico.cern.ch/event/1339555/contributions/6040874/

CONCLUSIONS

> Most recent strange production results from Run2 fixed-target data in LHCb!

» New measurement of the ¢) meson production in fixed-target pNe collisions at , /sy = 68.5 GeV,

> Measurement with the fixed-target system helps understanding the long-standing
challenge of the transverse A polarization explanation

» Measurement of detached-to-prompt p production in pHe collisions gives crucial inputs to models
of antimatter production in space

> Many more unique results will come with SMOG2 data!
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SYSTEMATIC UNCERTAINTIES

d’c(pr,y*) N?(pr,y*) ¢

» Observable: —
dprdy * Z BRe€,,(pr,y*)Apy Ay * Ay,

> Summary of all contributions to the systematic uncertainties

Systematic uncertainties
Uncorrelated among kinematic regions

Signal de?termlnatlon (<O'1 B 5'0)% . Slgnal extractlon W|th alternatlve modelllng
Geometrical acceptance (<0.1 - 1.8)% . Limited size of the MC sample

Multiplicity corrections (0.2 - 3.6)% |- Alternative MC weighting with number of tracks
PID efficiency (2.3 _ 4.4)% | Limited size ofgthe PID effllp

Correlated among kinematic regions S ) e

PV reconstruction 1.2% :. . Limited size of the PV efflc:lency sample
Reconstruction and selection efﬁciency 3.9% | ﬁ\ccoupts for tr.acklng. reconstruction W|.th|n LHCb and for |

. . aons interactions with detector material ]
pp contamination 2.0% - Uncertainty on the ghost factor due to pp contamination |
B(¢ - KTK™) 1.0% . Luminosity evaluated from the p — e~ scattering: }
Luminosity 6.5% Z=217%14 l’lb_1 ‘

Eur Phys J. C83 (2023) 547 Phys Rev Lett 727 (2018) 222001
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https://link.springer.com/article/10.1140/epjc/s10052-023-11641-5

