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https://arxiv.org/abs/1412.6352

-ion collisions at LHCb

pPDb collisions

m Low- and high-x nuclear parton
distributions (nPDF's), exotic
production
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Z production in pPb collisions ( , accepted by JHEP)

Clean probe of the initial state at Q% ~ mQZ at low- and high-z. Can be used to study
both nPDF's and transverse-momentum-dependent PDF's.
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Data agree with NLO pQCD calculations within large uncertainties.
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https://arxiv.org/abs/2205.10213

DY production at 8.16 TeV (

, accepted by PRL)

Probes low-z partons (mostly gluons) down to Q2 ~ 4 GeVZ2. Potentially sensitive to gluon

saturation.
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Good agreement with nPDFs and LHCb D° data at 5TeV at forward rapidity, but some
tension at backward rapidity.
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https://arxiv.org/abs/2205.03936

Prompt charged-particle production (
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m Probe z < 107° and Q? < 1GeV?
m Strong suppression at forward rapidities
m Large enhancement at backward rapidities not explained by nPDF calculations
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https://arxiv.org/abs/2108.13115
https://arxiv.org/abs/1406.1689
https://arxiv.org/abs/1309.6963
https://arxiv.org/abs/1307.3557

7¥ production ( , accepted by PRL)

Knowing the particle species provides additional information. Kinematics and production
mechanisms are similar to charged particles, but systematics are mostly independent.
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https://arxiv.org/abs/2204.10608

LHCb’s impact on nPDF fits

EPPS21 (EPJC 82 (2022) 5, 413) nNNPDF3.0 (EPJC 82 (2022) 6, 507)
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LHCb data has a huge impact in state-of-the-art nPDF fits! Recent LHCb measurements
at low x will allow us to overconstrain nPDFs and challenge their built-in assumptions.
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https://arxiv.org/abs/2112.12462
https://arxiv.org/abs/2201.12363

3872) production in pp and pPb collisions

Production mechanism provides information about the structure of exotic hadrons.

LHCb-CONF-2022-001
PRL 126, 092001 (2021)
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First evidence of x.1(3872) production in pPb collisions. o, , (3s72)/0y(2s) appears to
decrease with multiplicity in pp, but increase with increasing collision system size.
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https://arxiv.org/abs/2009.06619
https://cds.cern.ch/record/2807146?ln=en

Coherent charmonium production in ultraperipheral PbPb

collisions

( , accepted by JHEP)

Coherent charmonia production cross-sections o< g(z)2.
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Results provide strong constraints on pQCD and CGC calculations.
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https://arxiv.org/abs/2206.08221

Centrality determination (
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Major step towards expanding
LHCDb’s heavy-ion program
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https://arxiv.org/abs/2111.01607

A} /DY ratio in peripheral PbPb collisions (LHCb-PAPER-2021-046, in

preparation )

Baryon-to-meson ratios are used to isolate hadronization effects in heavy-ion collisions.
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Data agree with PYTHIA8 with color recombination. Smaller than the ratio measured by
ALICE in pPb, suggesting strong rapidity dependence.

Tom Boettcher CIPANP September 1, 2022 12 / 17



Fixed-target charm production (LHCb-PAPER-2022-011,

LHCbh-PAPER-2022-014, in preparation)

J /1 production in pNe. Potentially sensitive
to intrinsic charm (IC) in the nucleon.
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https://www.sciencedirect.com/science/article/abs/pii/S0370269397009155?via%3Dihub

Fixed-target p production

accepted by EPJC)
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Important input for p flux in
cosmic rays.

Event generators used in
cosmic ray physics consistently
underestimate the data.

Consistent with pp results from
STAR, ALICE, and CMS
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https://arxiv.org/abs/2205.09009
https://arxiv.org/abs/nucl-ex/0607033
https://arxiv.org/abs/1012.3257
https://arxiv.org/abs/1102.4282

LHCDb in Run 3

/ / Side View

RICH2

SciFi
Tracker

Ecar, HCAL

m New tracking system with
higher granularity

m Tracking up to 30% centrality

m Data collection with no
hardware trigger. New frontend
electronics to allow for full
detector read out at 40 MHz.

m SMOG2: new gas cell upstream
of the interaction point. Up to
100X increase in gas pressure.
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Allen: LHCb’s GPU-based trigger (

pp collisions ] = Full end-to-end trigger stage on GPUs

m Performs track and ECAL reco, u/e ID, vertexing, and event
selection at 30 MHz with ~ 170 GPUs

5 TB/s

Event Builder nodes

m Simultaneously collect pp and SMOG2 data
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https://arxiv.org/abs/1912.09161
https://cds.cern.ch/record/2717938/files/LHCB-TDR-021.pdf
https://cds.cern.ch/record/2804589/files/LHCb-FIGURE-2022-002.pdf

Final thoughts

LHCD has a thriving heavy-ion physics program!
m High- and low-z nulceon structure
m Exotic production
m Hadronization in heavy-ion collisions (see also Sook Hyun Lee’s talk tomorrow)

m Cosmic ray physics with fixed-target collisions

I couldn’t cover everything. ..
m b-quark hadronization modification in high-multiplicity pp collisions
m J/1¢ photoproduction in peripheral PbPb collisions
m And more: LHCb heavy-ion and fixed-target public results

Thank you!
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https://agenda.hep.wisc.edu/event/1644/contributions/26127/
https://arxiv.org/abs/2204.13042
https://arxiv.org/abs/2108.02681
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_IFT.html
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EPPS16 EPJC 77 (2017) 3, 163
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Built-in assumptions: parameterizations, collinear factorization, DGLAP evolution
Collective phenomena and parton saturation violate these assumptions!
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https://arxiv.org/abs/1612.05741

Z production in pPb collisions ( , accepted by JHEP)
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https://arxiv.org/abs/2205.10213

2.5 < lycm| < 4.0 for pr < 6 GeV
2.5 < lycm| < 3.5 for 6 < pr < 10 GeV
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EPS09: JHEP 04, 065 (2009), nCTEQ15: PRD 93, no.8, 085037 (2016), CGC: PRD 91, no.11, 114005 (2015)
m Measured D-meson production in pp and pPb down to pr =0

m Backward measurement probes the high(ish)-z antishadowing region

m Forward measurement probes the low-z shadowing region
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https://arxiv.org/abs/1707.02750
https://arxiv.org/abs/0902.4154
https://arxiv.org/abs/1509.00792
https://arxiv.org/abs/1503.02789

Prompt D° production at 8.16 TeV (
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Tension with nPDF predictions is clear in the forward-backward ratio.
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https://arxiv.org/abs/2205.03936

Prompt charged particle production (

» Forward measurement probes unexplored z: 1076 <z < 107
m Potentially probes the saturation region at low pp
m Measurement is very precise: d?c/dprdn (Rppp) uncertainties as small as 3% (4%)
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https://arxiv.org/abs/2108.13115

Neutral pion production (
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m Charged particles and 7's share similar
production processes and probe similar
kinematics

m Systematic uncertainties are mostly
independent

m Knowing the hadron species could help
untangle the effects nPDF's, saturation,
and final state interactions
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https://arxiv.org/abs/2204.10608

3872) production in pp collisions

:

:

g

N& r
3 |
> L
4 I
e
-O -
o) L
= C
O C

o

. LHCb pp Vs=8TeV, p_>5GeV/c ]

:

:

+
: i
Wiy

h
i

i

Candidates/(1 MeV/c?2)
g
T

g 8 &

L
3880

MJ/wn*rr

3900
[MeV/c?
*
'y )
M %
bt NI

g

' By g
o e el
Ky g .mvwww\ A

Tom Boettcher

3700 3800 3900
MJ,[W,r [MeV/c?]

CIPANP September 1, 2022

8 /10


https://arxiv.org/abs/2009.06619

Coherent charmonium production in ultraperipheral PbPb collisions

( accepted by JHEP)
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https://arxiv.org/abs/2206.08221

Fixed-target p production from hyperon decays (

accepted by EPJC)
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