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The LHCb experiment.

JINST 3 (2008) S08005

* From heavy flavour physics to general-

purpose detector in the forward region.

e Fully instrumented forward

detector 2<n<5.

* Excellent tracking, momentum resolution

and particle identification.
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

Data samples.
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The results in this presentation are from

small collision systems)
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Heavy strange hadrons 1n

small systems.

 Why heavy strange hadrons?

* Because of their RgR =L content.

* Because they offer unique probes of the [sEl Sy ssVA ey sl ael{elsFzhabi30).
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Heavy strange hadrons in small systems.

as a QGP signature

* In PbPDb collisions, the enhancement of

, More Higher
. . . oa. . Vo o % More charged
strange hadrons in high multiplicity (low Ao central e Tl

collision multiplicity

centrality) events was originally postulated as

a QGP signature.
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Heavy strange hadrons in small systems.

as a QGP signature

* In PbPDb collisions, the enhancement of

strange hadrons in high multiplicity (low
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centrality) events was originally postulated as

a QGP signature.
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* Recent findings show universal strangeness

enhancement with the event charged particle

11
10%

multiplicity in small systems. ~ /Ay o

Nature Phys 13, 535-539
(2017)
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Heavy strange hadrons in small systems.

NI hadronization mechanism

reflects the properties of the

hadronic matter.

Fragmentation: Showers

produced by outgoing partons

form into hadrons.
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© Heavy Flavour

(O Hard Interaction

® Resonance Decays

B MECs, Matching & Merging

W FSR

H [SR*
QED

M Weak Showers

B Hard Onium

(O Multiparton Interactions

[0 Beam Remnants*

[ Strings

@ Ministrings / Clusters
Colour Reconnections
String Interactions
Bose-Einstein & Fermi-Dirac

M Primary Hadrons

Il Secondary Hadrons

B Hadronic Reinteractions

(*: incoming lines are crossed)

arXiv:2203.11601
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https://arxiv.org/abs/2203.11601

Heavy strange hadrons in small systems.

NI hadronization mechanism

reflects the properties of the

hadronic matter.

Fragmentation: Showers
produced by outgoing partons

form into hadrons.

Coalescence: Readily
availlable quarks combine to

form colour singlets. Requires

multiple quark wavefunctions
to overlap in position and

velocity.
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Heavy strange hadrons in small systems.

SQM 2024

Strangeness
chemical
equilibrium

Coalescence
1n a dense

medium
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Recent LHCDb results.

 We present recent LHCb measurements of strange hadrons in the heavy quark sector.

 We focus on the ratios of production of strange over non-strange particles, to study a

potential enhancement of strange quarks.

Os

Rg/y = —
S/N =

» Some results are presented as a function of the event charged particle multiplicity.
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Measuring the system size.

Multiplicity proxies.

« NYELO - Total number of charged tracks reconstructed by the VELO detector.

tracks:

VELO tracks

& | \
magnet T stations
T track
VELO T /)
upstream track # : f
i long track
VELOVack | | T

\J downstream track
JINST 10 (2015) 02 P02007
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https://iopscience.iop.org/article/10.1088/1748-0221/10/02/P02007

Measuring the system size.

Multiplicity proxies.

« NYELO - Total number of charged tracks reconstructed by the VELO detector.

tracks:

o NPack . Subset of VELO tracks that point in the backward direction, away from LHCb (-=3.5 < n < —1.5).

tracks:

VELO tracks

|
T stations

magnet
TT /) T track
VELO
L~
upstream track [ P
.4 long track
VELOVack | | T
\_'ﬁr'_J
downstream track
JINST 10 (2015) 02 P02007 Backward tracks
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Measuring the system size.

Multiplicity proxies.

« NYELO - Total number of charged tracks reconstructed by the VELO detector.

tracks-
« NDPack . Subset of VELO tracks that point in the backward direction, away from LHCb (3.5 <5 < —1.5).
« Ni£¥.xs: VELO tracks used to reconstruct the primary vertex.
VELO tracks
& | \
T stations

magnet

TT T track

VELO

— |
uPs“eaT.:ﬁkﬁE:\ long track P
~_|

PV
VELO track ntracks
IWI
downstream track

JINST 10 (2015) 02 P02007 Backward tracks

SQM 2024 C. Landesa Gomez for the LHCb Collaboration


https://iopscience.iop.org/article/10.1088/1748-0221/10/02/P02007

Measuring the system size.

Multiplicity proxies.

NYELO . Total number of charged tracks reconstructed by the VELO detector.

tracks:

« NP2k . Subset of VELO tracks that point in the backward direction, away from LHCb (-=3.5 < n < —1.5).

tracks:

PV .
Ntracks .

VELO tracks used to reconstruct the primary vertex.

NYELO . Number of energy clusters deposited in the VELO stations. VELO tracks

clusters:
r |
T stations \

magnet
T track
VELO TT /) ra
PV
tracks

-
upstream track [ P
" _\ long track

VELO track

\J downstream track
JINST 10 (2015) 02 PO2007 Backward tracks VELO clusters
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https://iopscience.iop.org/article/10.1088/1748-0221/10/02/P02007

* By > U/ —» ptu)mtm”
* The multiplicity i1s estimated

with NYELO and NPack

tracks

VELO tracks

—~—

Backward tracks
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Apparent increase of the BY yield compared to B® with multiplicity
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061901

B /B° ratio with multiplicity

 Ratio enhancement observed with VELO

tracks.
 No significant enhancement with backward  "MHce el - CHHoe o131y
o _ o lo<p <20GeVic 54f’] B [0<p <20GeVe 541"
tracks. This hints that the mechanism < ol 1 ]

responsible for the increase in the ratio is

related to the local particle density.

e Results coherent with eTe™ measurements

at low multiplicity.

[ b) [ Tlete—Y(5S)—>BB
. 1 1 1 1 0 3 1 1 1 1 -I _ 1 1 1 I 1 1 1 I 1
0 2 4 6 0 2 4 6
VELO VELO. back back
Ntracks / <Ntracks >N0Bias Ntracks/<Ntracks>NoBias

Results quoted in normalised multiplicity
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B /B° ratio with multiplicity

« Measurement in pt bins.

 Ratio enhancement notable at pt < 6 GeV/c

Qualitatively compatible with coalescence.
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JHEP 01 (2024) 070

DS /DT ratio
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https://link.springer.com/article/10.1007/JHEP01(2024)070

No enhancement of the yield of strange hadrons at high transverse

D} /DT ratio

momentum or rapidity.

Although not significantly, the ratio of D /D *for |4 fz15s Ree) 1T e ek

1s systematically above that of [{eygyzEgs RIS Te5ers.

RD;/D+

LHCb 5.02 TeV

[ <+ pPb forward, 0 < p,<10GeV/e
— pPb backward, 0 < p,<10GeVie
< pp,1< p,<10GeV/c,20< y <45

0.5

—

[ |

T

L
M

SQM 2024

RD}/D“

1.5

[u—

| LHCb 5.02 TeV
—+ LHCb pPb forward, 1.5< y*<4.0
| -+ LHCb pPb backward, -5.0 < y*<-2.5
[ - LHCDb pp, 20< y<45
[ - ALICE pPb, -0.96 < y*<0.04
| 4 ALICE pp, Iyl<0.5

|
%

20
. [GeV/c]

C. Landesa Gomez for the LHCDb Collaboration

JHEP 01 (2024) 070

Backward collisions
have on average ~1.6

times the multiplicity

of forward collisions.



https://link.springer.com/article/10.1007/JHEP01(2024)070

D} /D° ratio

JHEP 01 (2024) 070

JHEP10(2017)090

6

 No enhancement of the yield of strange hadrons at high transverse momentum or rapidity.

* In this case, the backward results are not systematically above the forward results.
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Backward collisions
have on average ~1.6
times the multiplicity

of forward collisions.
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arXiv:2311.08490 NEW!

DS /DT ratio
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D} /DY ratio arXiv:2311.08490 NEW!

Op#/0p+ has an increasing trend with dN.,/dn for all pr intervals.

o At llontilini)iging, the results 1 12 T —
b [ + LHCb pPb s =8.16 TeV 1.8 < y* <33 1 i ALICE pPb sy =5.02 TeV -0.96 < y* < 0.04 i
.« . ~ 1t 1+ - — -
resemble those of pp collisions. % | | LHCb Pbp {5y =816TeV-43<yr<28 J| L ] ALICEPbPb {5y =502 Tev yi<0s]
© 1 J I |
o At |s¥daasitiinte)itainy, a behaviour :

i —ti | ]
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+ 1.z —t—t—t—t + —t—t—t—t—} ————+} + —
C . Q . { | .
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\H’ —&— LHCb pp V5 =502 TeV 2.5 < y* < 4 -0 Egilie o
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kT ﬂ 1 T ~ - .
© © O O y - e b S g = = g = -
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o o 0.2 F L . Y F .y . T
compatible with coalescence. ” e ” e
dN /dn dN _/dn
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D} /D™ ratio

» All the predictions show some

discrepancies with data.

« EPOS4HQ depicts the
Increasing trend across all py
intervals when accounting for
a coalescence hadronization

mechanism.

arxXiv:2311.08490 NEW!
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Phys. Rev. C 109 (2024) 044901

=7 /AT ratio
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=¥ /AT ratio Phys. Rev. C 109 (2024) 044901

e The Ef /A} ratio is roughly constant as a function of py and shows the

same behaviour in forward and backward collisions.

« No enhancement is shown when studying the dependence with NY:0, .
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Prospects

« Unifying multiplicity proxies among analyses

may shed light over the interpretation of the

Strangeness
chemaical

results. equilibrium

e Decorrelating the results from the multiplicity
estimator to rule out local effects in charged

particle multiplicity.

Coalescence
1n a dense

e Account for D*%* - D%+ + X contribution to :
medium

D&/ D*/0 ratios.

« Study strangeness in the light flavour sector.
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Conclusions

The relative production of several strange to non-strange hadrons b+
was studied in small collision systems at the LHCb. = !
o)

In pp collisions at /s = 13 TeV , there is an observed
enhancement of the B2 /B ratio at high multiplicity and low pr.
This enhancement is not observed when using backward tracks as
multiplicity estimator.

o
In pPb collisions at «/Syy = 5 TeV the D /D% the ratios don’t N
show a clear trend with pt or y. °

In pPb collisions at /syy = 8 TeV, a significant enhancement of
the D /D™ ratio is observed in events with high multiplicity.

However, the baryon ratio of £} /At appears to be constant when

: : VELO
studied as a function of N crers-
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B /B ratio with multiplicity

Efficiency cancelation
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X7 1s the difference in the vertex-fit y2 of a
given PV reconstructed with and without the

candidate under consideration.
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If the candidate is prompt, the y? will

1mprove when taking it into account.
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» After background-subtracting the data, a
fit to the log,o(x%) is performed.

* The Bukin function is used to fit each
contribution with the asymmetry
parameters taken from MC and letting the
mean and variance to vary.
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