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LHCb Experiment

e The primary purpose of the
LHCDb experiment is to try and
understand why the universe
appears to be composed almost
entirely of matter, but no
antimatter

LHCDb recording data 2010-present
» 634 physics papers published

Not specifically designed for

heavy-ion collisions

e Top 4 most cited papers with
4,907 citations

Observation of J /4p Resonances Consistent with Pentaquark States in A) — J /1K ~p Decays
LHCb Collaboration + Roel Aaij (CERN) et al. (Jul 13, 2015)
Published in: Phys.Rev.Lett. 115 (2015) 072001 + e-Print: 1507.03414 [hep-ex]

pdf @ links @ pol [E cite 2) 1,456 citations

Test of lepton universality using B™ — K £*{~ decays
LHCb Collaboration - Roel Aaij (NIKHEF, Amsterdam) et al. (Jun 25, 2014)
Published in: Phys.Rev.Lett. 113 (2014) 151601 - e-Print: 1406.6482 [hep-ex]

pdf & DOI = cite 2) 1,244 citations

Test of lepton universality with B® — K*¢* ¢~ decays
LHCb Collaboration - R. Aaij (CERN) et al. (May 16, 2017)
Published in: JHEP 08 (2017) 055 - e-Print: 1705.05802 [hep-ex]

pdf @ links & DOl [E citt B datasets 2 1,132 citations

Measurement of the ratio of branching fractions B(B® — D**1~7,)/B(B® — D**p"7,)
LHCb Collaboration - Roel Agij (CERN) et al. (Jun 29, 2015)

Published in: Phys.Rev.Lett. 115 (2015) 11, 111803, Phys.Rev.Lett. 115 (2015) 15, 159901 (erratum) « e-Print: 1506.08614
[hep-ex]

pdf @ links @ DOl [ cite D 1,075 citations

Inspire HEP citation list (as of October 10, 2022)
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LHCb Detector Upgrade

Runs 1 & 2
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o Designed for searches of new physics in beauty and charm hadron decays

* See Matt Durham’s talk, Week 3
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o Measures particles from py > 0 at forward pseudorapidity 2 < n < 5

o LHCD tracking fully upgraded for Run 3 (2022-2026)
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PHENIX Experiment

e The primary purpose of the
PHENIX experiment was to
detect and characterize the Quark
Gluon Plasma (QGP) using data
collected from A + A, p + A, and
pp collisions
PHENIX recorded data 1999-2016

» 210 physics papers published
Specifically designed for heavy-ion
collisions

e Top 4 most cited papers with
6,281 citations

Formation of dense partonic matter in relativistic nucleus-nucleus collisions at RHIC: Experimental
evaluation by the PHENIX collaboration
PHENIX Collaboration « K. Adcox (Vanderbilt U.) et al. (Oct, 2004)

Published in: NuclPhys.A 757 (2005) 184-283 - e-Print: nucl-ex/0410003 [nucl-ex]

pdf & DOI [E cite 2 3,302 citations

Suppression of hadrons with large transverse momentum in central Au+Au collisions at ,/syx = 130-
GeV
PHENIX Collaboration - K. Adgox (Vanderbilt U.) et al. (Sep, 2001)

Published in: Phys.Rev Lett. 88 (2002) 022301 - e-Print: nucl-ex/0109003 [nucl-ex]

pdf & DOl [Scite [ datasets D 1,156 citations

Identified charged particle spectra and yields in Au+Au collisions at S(NN)**1/2 = 200-GeV
PHENIX Collaboration - S.S. Adler (Brookhaven) et al. (Jul, 2003)
Published in: Phys.Rev.C 69 (2004) 034909 - e-Print: nucl-ex/0307022 [nucl-ex]

@ pdf & DOI 5 cite B datasets 2 977 citations

Elliptic flow of identified hadrons in Au+Au collisions at s(NN)**(1/2) = 200-GeV
PHENIX Collaboration - .. Adler (Brookhaven) et al. (May, 2003)
Published in: Phys.Rev.Lett. 91 (2003) 182301 + e-Print: nucl-ex/0305013 [nucl-ex]

pdf & Dol [E cite D 846 citations

Inspire HEP citation list (as of October 10, 2022)
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PHENIX Muon and Central Arms
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o Muon arms measure muons and unidentified charged hadrons

o Mid-rapidity arms measure electrons, photons and identified hadrons

o The PHENIX detector has been fully dissembled and replaced by sPHENIX
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Recent LHCb and PHENIX analyses focus on the following collision
systems and present the following measurements:

o pp collisions at /s =5, 8, and 13 TeV

o pPb collisions at /s, = 8.16 TeV 1 J/v production and polarization

o PbPb collisions at /5,y =5 TeV 2 J/1 elliptic flow

o pp, pAl, pAu, Cu+Au, Aut+Au 3 Fixed target J/¢ and DY production
collisions at /s = 200 GeV 4 J/v and 9¥(2S) production in UPC

5 Bottomonium nuclear modification
6 bb production

7 ¢-meson nuclear modification
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Small System Results
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Charged Hadron Modification in p+Al
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Phys. Rev. C 101, 034910 (2020)


https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910
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Charged Hadron Modification in p+Au
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Phys. Rev. C 101, 034910 (2020)

Minimal modification in

most peripheral bin60—84%

Strongest suppression in
most central bin®—5%

o (NO-5%y —10.7

part
Strong enhancement in most
central bin®~®% in
target-going direction (bkwd)
o Consistent with pQCD

calculation

Phys. Lett. B 740,23


https://www.sciencedirect.com/journal/physics-letters-b/vol/740
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910
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Charged Hadron Modification in p+Al and p+Au
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Phys. Rev. C 101, 034910 (2020)


https://www.sciencedirect.com/journal/physics-letters-b/vol/740
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910
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¢ Modification in Small Systems
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o ¢-meson nuclear modification in p+Al, p+Au, d+Au, and He+Au systems

PRC 106 (2022) 1, 014908

o Hint of experimental ordering of Ryeay < Rgau < Rpa, in most central collisions (7)

o Comparison of ¢ (s,3) to 7 (u,d) shows no clear strangeness enhancement



Quarkonia and Heavy Flavor at LHCb and PHENIX
Krista Smith

¢'Q Los Alamos

INT-22-3: Heavy Flavor Production in Heavy-Ion and Elementary Collisions NATIONAL LABORATORY

bb Invariant Yields in p+p Collisions
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o Comparison of PYTHIA6 models based on different bb production mechanisms
o Flavor creation and flavor excitation mechanisms dominate production
o At RHIC energies, gluon splitting less significant than at LHC energies
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oy, VS. /s in p+p Collisions
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o Bottom cross section o,; as a function of /s for PHENIX, STAR, HERA-B, ALICE, LHCb
o Cross section measurement consistent with world data
o Data well described by NLO pQCD calculation [!]
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Angular Coefficients

Pedagogical illustration of the decay angular distribution
quarkonium z
rest frame 0
) e+ 0 7] 2
production " W(COS ,@) o< 1 + 9| COS (7] ~ >\0 + 3)\¢
plane T~ N=Z ¢

, +.sin29(:osg0 L—2g
+ sin’@ cos2¢

P. Faciolli, Quarkonium in Hot Medium (2009) and Eur. Phys. J. C 69, 657 (2010)
J /4 polarization characterized by spin alignment of positively charged decay lepton
Aos Ay and Mgy determined using Helicity, Collins—Soper, or Gottfried—Jackson frames
Ao ={+1,0,—1} = fully transverse, fully zero, or fully longitudinal J/+ polarization

© © o o

Frame invariant angular decay coefficient A can be used for consistency check
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J/1 Polarization )y
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Phys. Rev. D 102, 072008 (2020)

o J/4 polarization as a function of pr in all three frames is consistent with zero

o NRQCD Model [? in both Helicity and Collins-Soper frames agrees with data
o J/4 polarization at both mid and forward rapidity consistent with zero
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J/1¢ Polarization \
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Phys. Rev. D 102, 072008 (2020)
o J/4 polarization as a function of pr in all three frames is consistent with zero
o Neither NRQCD or Color Singlet Models [3 can be ruled out
o At forward rapidity, J/¢ polarization consistent with longitudinal polarization
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J/1) Production, Forward Rapidity
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o Inclusive J/4 differential cross section compared to prompt J/1 calculations

o Non-prompt J/v contribution more significant at high pr
o LO NRQCD+Color Glass Condensate ¥ at low pr overestimates data

¥(2S)/J /4 ratio consistent with world data - no clear energy dependence
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J /1) Production in pp Collisions

Prompt Nonprompt
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o Ratio of differential J/t¢ cross-section at 13 TeV vs. 5 TeV increases with pr
o Discrepancy between prompt J/1 ratio & CGC4+NRQCD [ (errors mostly cancel)
o Nonprompt .J/¢ data consistent with FONLL [ predictions as function of pr
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J/1) Nuclear Modification in pPb Collisions

OpPb
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o At forward rapidity, prompt and nonprompt J/1¢ nuclear modification consistent with nPDF
predictions (EPS09 LO, nDSg LO) [©]

o Prompt J/¢ R,p, more suppressed than EPS09 LO, NLO for —4.5 <y < —2
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EPS Shadowing Predictions, 2008

Low-x gluon nuclear densities

m Current knowledge of low-x gluons from:

=
F, (e-A), Drell-Yan (p-A), high-p, hadrons (d-Au). é
m x<0.01: very few measurements (non-perturbative): huge uncertainties ! =
0 06110 x
_ K.Eskola et al. JHEP 0807 (08)102 =
E Nuclear DIS & DY data: o)
[ RHIC data (forw.n) @NIC (DIS) 14 AL L L e T
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Q e
) 0.4 4 ©
perturbative B @
. -— ﬁpg 0.2 J ----- EKPS 4 &
',~‘ m.mn“m“m“:“ ¥ 0.0 i4 o |\|m|_1\ T )

N, AA‘; DAE,JPG30 (05)S767 10 10° 10 10 1

T~ - -
10° 10° 10* 10° 107 10" 1 T

X xG(x,Q?) virtually unknown below x~102 !

QM'11, Annecy, May'11 25023 David d'Enterria (CERN)
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LHC D-meson Measurements

2 _ e _ Qu:l:p L, —YCM
exp m + pT Texp = m(‘ oM
2
o LHCb D-meson /syy = 5 TeV
oALICE D-meson /syy = 5 TeV
1.5 % !
111
3 1 I TH% + Té?i%gﬁ
[ -
Dofds [T
Soguar
05 J
100’5 1074 1073 1072 107! 10°

fractional momentum in the nucleus z,

o LHCDb and ALICE D-meson nuclear modification plotted as a function of Bjorken-x

log (@)

o Data extended now beyond 2~* fractional momentum in the nucleus

ProT CrREDIT: C. DA SILVA (2022)
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J/1) Nuclear Modification

Q% = 1.69 GeV?

T
Q% =1.69 GeV?

- 14
. 1.2
1
g
%08 £-0.8
0.6 e
0.4 04
0.2 0.2
0
10741073 102 107 1 107 10-° 102 10! 1
o x
L6 . - 16 :
Q% =10 GeV; Q? =10 GeV
i; =EPPS16 14 =nCTEQ15
1
i mo 8
0.
0.6
0.4 ;
W rw with Pr cu rw with Pr cut
02| Frv o pr et 0.2 Frv e

0
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T

0 .
1010 10 " 10" 1
T

JHEP 05 (2020) 037

in p+Au Collisions
* See Tony Frawley’s talk, Week 2

o 1.607

Inclusive J/wI
\S=200 GeV
PHENIX

. 0%-100% p+Au |

EPPS16 LO (Vogt) EPPS16 (Vogt) + Abs
0.2 EPPS16 (Shao) EPPS16 (Shao) + Abs]
F nCTEQ15 (Shao) nCTEQ15 + Abs
-3 -2 -1 0 1 2 3
y

Phys. Rev. C 102, 014902

o EPPS16 and nCTEQ15 with and without re-weighted LHCb D-meson data

o Re-weighted EPPS16 and nCTEQ15 describe PHENIX data well at forward rapidity *
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SE LHCb

. ; p,<25GeV/e
\F 8.16 TeV

EPSO9LO+comovers E
[ 1 nCTEQI15+comovers E

4

y
o At both forward and backward rapidity, hint of stronger Y (25) suppression than YT(15)
o At backward rapidity, nPDFs alone do not fully describe modification of either state

Bottomonium Nuclear Modification in pr Collisions

SE LHCb

: ; P, <25 GeVle

VSNN

EPSO9LO+c0movers E
[ 1 nCTEQI15+comovers 3 =

—4

o nPDF+comovers [l calculations provide better description of data

y*

¢'Q Los Alamos

JHEP 11 (2018) 194
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Medium to Large System Results
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J/¢ & D' Production in PbNe Collisions

pp
o5y _ %aw o' —1y _ (v o'—1
. = X (NS 7y =C' x (N2 )
Fixed Target ghi oo -
Phys. Letters B 410 (1997) 337-343 [NA50]

=
-3 3 o
o 10— . v v I \ ' ' 182 T ‘
L 9f \sw=68.5GeV PbNe LHCb 4 &, fVsw=685CevPboNe  LHCb 152 LHCb preliminary '“w=68:5GeV
2 E stat. + uncorr. syst. s E ] —3— stat. +uncorr. syst. preliminary 1 & .5, T
o sp * preliminary § © Ja° 0L Bl g
E . t. 3 B [ ]
7E corr. syst 3 i< E —— o'=0.82 +0.07 q
6 E =R i ]
5 E iz I
SE 3 ER
4 E— _E = =) L
3 13
2 E 3 3 r
E E b e
1E E e ERS
oE 1 1 1 L 3 okt 1 1 L 1 4 | L
-2 -15 -1 -05 0 0 2 6 GeV/ 80 1 10 10
.
y P, [GeVie] T ol

o Fixed target configuration with p or Pb projectiles at GeV COM energies
o Noble gases injected into VELO using SMOG (System for Measuring Overlap with Gas)
o Fit to ratio of J/1 to D° vs. N, consistent with NA50 results in p+A collisions

o o indicates no anomalous .J/1) suppression as seen in NA50 PbPb results
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J/v Elliptic Flow in Au+Au Collisions

0.3 12

N AutAu - I + X Sy = 200 GeV ;} < 7| WALICE (25<y<4.0, +15% syst), Vsun=2.76 TeV |
© PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2 —
® STAR, 10-40%, |yl <1 (PRL 111052301 (2013)) o | ®PHENIX (1.2<y<2.2, 9% syst.), |'s\=0.2 TeV
0.2~ pyipy > Jip + X Sy = 5.02 TeV' 1

® ALICE, 20 -40%, 2.5 < |y| < 4.4 (JHEP 10 (2020) 141)

® * 0.8

e

o
|===5]
-
I
=
= ==}
Lo
-
=
™

INT.J.MoD.PHYS. A29 (2014) 1430047

0 A
; I m O'S:M . =
o1 04l E% -
,0_2} K E NIX I:I Systematic Uncertainty 0'2; E H E ¢| [El {

: p rel m | na ry L forw‘ard rapidity ‘ | ‘
R T T T 0)"~300 400 600 800 1000 1200 1400'1600
pr [GeVre] aN/anl,

o J/v elliptic flow in Au+Au at RHIC compared with LHC PbPb measurements

o Nonzero elliptic flow at LHC could be due to coalescence, which is stronger effect at LHC
energies than at RHIC energies
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Coherent J/i) Production in PbPb UPC

< T T u T T T 3 T L) F Guzey et al.
g 25 _:_ -4 data _: “g 5 } LHCb = LTA_W
F: F I\[‘EE S Tev total e ‘;‘ E . :15 TeV —1LTAS
3 F o Kl ¢ —— coherent 1 = 4 -, 10 pb — EPS09
S 20 | 10pb ) O = -,
=1 - - = incoherent B © Gonealves et al.
5 o 25<y<30 - - nonresonant 1 = 3 = IP-SAT+GLC
= feed-down = :\‘\* -+ IIM+BG
C = r Cepila et al.
10 :_ _:_ 2 — GG-hs+BG
- E ; GS-hs+BG
5 — ] 1 Mantysaari et al.
E + H} _L* ¥ L — IS fluct. +GLC
--.- _______ 8 I.l'l'l 0’ 1 1 = no fluct. +GLC
0 -10 -5 0 2 4
LHCb-PAPER-2021-013 log(p2/ GeVZ) y

o Fit to the log of p2 distribution performed to isolate coherent from incoherent production
o Differential cross-section for coherent J/1 production decreases as function of y

Several of the CGC-based predictions (blue dotted, solid magenta & solid green
curves) overestimate the J/¢ production
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Coherent ¢(2S) Production in PbPb UPC

1_5_.-..|.|..|..-.|-... T
r LHCb b
PbPb \/syy = 5.02 TeV ]|

Coherent $(285) production _|

Luminosity unc. : 4.4% J

Y] T B B A .
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Guzey et al.
-LTAW
----LTAS
—— EPS09

LHCb
PbPb /sxy = 5.02 TeV
Coherent 4(25)/J /1 production

Krelina et al.
—— GBW+BT
===- GBW+POW
——KST+BT
GG-hs+BG

Méntysaari et al.
No fluct. +BG

~~=3 Gongalves et al.

bCGC+BG

O [T

bCGC+GLC
IP-SAT+BG
IP-SAT+GLC

1 2 3 4

o First measurement at LHC for coherent 1(2S) production at forward rapidity

o pQCD calculations (red curves) by Guzey et al. describe data well at large y
o Ratio of ¥(2S) to J/v¢ not as well described by CGC predictions (blue curves)
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Quarkonia and Heavy Flavor Summary

@® J/+ Production in pp and pPb Collisions
o Discrepancy between prompt J/¢ data and CGC+NRQCD at low pr
o Prompt J/i¢ Rppy, more suppressed than EPS09 NLO for —4.5 <y < —2
@ Bottomonium Nuclear Modification in pPb Collisions

o Hint of stronger Y(25) than Y(1S5) suppression at both rapidities
o At backward rapidity, nPDFs alone do not fully describe modification

® J/v and D° Production in Fixed Target PbNe Collisions
o Ratio of J/¢ to D° vs. N..; shows no anomalous QGP suppression

@ Charmonium Production in Ultra-Peripheral PbPb Collisions
o First measurement of coherent 1(2S) production at forward rapidity
o Ratio of coherent (2S) to J/¢ consistent with pQCD predictions
@ Elliptic Flow in Haevy-Ion Collisions
o J /¢ elliptic flow in A4 A collisions consistent with zero at RHIC energies
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Vo

o Elliptic flow of ¢-meson shown in symmetric (Au+Au, U+U

¢ Elliptic Flow in Cu+Au Collisions

L 0K 'K, [5,,=200 GeV, m|<o 35

[+ 0%-20% Cu+Au PHENIX
L e 20%-60% Cu+Au PHENIX
0%-50% U+U GLAUBER 1 PHENIX

0-2—- 0.2F+ 20%-60% Au+Au PHENIX

- ‘ ot [* 0%-30% Au+Au STAR

I f T S8 [+ 30%-80% Au+Au STAR
0.1 * BE Z 0.1+ * ! 5

+ % | | !
z**l 1 1 1 (a) 1 I *txl 1 1 1 (b)
0 2 3 0 1 2
p, [GeVic] p, [GeVic]

collision systems

~—

ARX1V:2207.10745

versus anti-symmetric (Cu+Au)

o Scaling with participant eccentricity of second order (e3) represents dependence
of v9 on shape of nuclear overlap region
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More Information on ¢ Elliptic Flow

collisions by PHENIX [38] and in 0%-30% and 30%-—
80% Au+tAu collisions by STAR [52] arc also shown in
Fig. 8. The comparison of elliptic flow for ¢ mesons
in symmetric and asymmetric collision systems suggests
that the v, values follow common empirical scaling with
szN;éi. Scaling with participant eccentricity of second
order g2 represents dependence of v3 on the shape of the
nuclear overlap region. The N;E{i factor is introduced
to characterize the length scale of nuclear overlap re-
gion and assumed to be proportional to the QGP length
scale [19]. This suggests that the influence of the initial
conditions on vy coeflicients, and thereby on QGP prop-
erties, are reasonably well encapsulated in the scaling
factor egN;E{rst. The scaling of vy values with the shape
and size of nuclear-overlap region can be explained by
the hydrodynamic nature of the QGP at low values of
specific-shear viscosity [21].

ARXIV 2207.10745
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LHCb heavy ion collision modes and datasets

107,

'r
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MW000Gev .
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protons (Pb) on target [10%]
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pHe
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pHe
1 2016

o PbNe: | /syy ~ 68.6 GeV
o Covers mid to backward rapidity: anti- bR (.
PHe pNe pNe FPbNe shadowing region
12017 12018

Credit: Jiayin Sun, Quark Matter 2022
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Quarkonium in pp collisions
e Charmonium (J /1, ¥(2S)) in pp collisions:

* Prompt: originate from the primary pp collision vertex
* Nonprompt: originate from b-decay vertex

* Bottomonium (Y) in pp collisions: only prompt

. ut Bt
* To separate prompt and nonprompt charmonium .
-haaron
* Pseudo decay time
Zy — % @ prompty
forward-y: t, = &2V mid—y: 7 = Ly PS .
. e nonprom
Pz/my pr/my X prompt
‘/ xy plane
Lyt | & T
—u- ny
! _—ut
primay vertex V) @ —— - . ;2 @
E E ; X Primary vertex (PV)
o202 ZPVE zy Beam axis z

Credit: Li Xu, Quarkonium as Tools 2022
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Alarge Scintillating
Fibre Tracker for LHCb

Daniel Berninghoff, Physikalisches Institut, Heidelberg University
on behalf of the LHCb Scintillating Fibre Tracker C i

e

The LHCb Detector LHCb Upgrade: 2019-2022

Upgrade of the LHCb detector to increase the
precision on key observables and extend its
physics reach by obtaining 5 to 10 times higher

= 5 times higher instantaneous luminosity
= Triggerless 40 MHz readout
= New front- and back-end electronics

\signal yields.

= Replacement of complete tracking system

Large and high granular scintillating fibre tracker that is
readout by arrays of silicon photomultipliers (SiPMs).

3 stations (T1, T2, T3) with 4 layers each

m Covering a total area of 340 m?

m 1% X, per layer

m Spatial resolution < 100 pm

m Single hit efficiency ~99 %
]
]
]
[ ]

The upgraded LHCb detector.

524288 channels in total

250 pm fibre diameter and channel width
40 MHz readout

~20Th/s data rate

Single-arm forward spectrometer with a
pseudorapidity acceptance between 2 and 5
that is specialised in the search of new physics
in beauty and charm hadron decays
\_ \_

Credit: Daniel Berninghoff, CERN-Poster-2021-1047
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Nuclear effects & asymmetric acceptance

"forward" P e W
Measured particles atn >0 ® —> gg
Probes low x in nuclear PDF ﬁ

Pb

“backward” ~
Measured particlesat <0 gt
Probes high x in nuclear PDF 4

Nuclear modification factor Forward-Backward (FB) ratio
R py = _cross-section forpPb _  cross-section for pPb +|y|
P Ap, x cross-section for pp 8~ “cross-section for pPb - |y|

No nuclear effects: Rp, = 1
Hans Dembinski | MPIK Heidelberg 8

Credit: Hans Dembinski, Deep Inelastic Scattering 2019
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SMOG: fixed-target program

LHCb-PUB-2018-015

SMOG: System for Measuring Overlap with Gas. o P-SMOG V5-110 Gev o pp (5-13 Tev s s
Noble gases at a pressure of 0(10_7) mbar are injected into the VELO. 5 5 N
r wz
10° 10° ¥
ay =110 GeV \Syy =69 GeV \/Svn ,r, - Upsion os
—_— Y=yt i) o of
e — & -3 m, 8
P Gas .2 /M2 4 p2  sinh(y* ' |
(HeNe,Ar..)  Pb Gas (Ne, Ar) Y prosinhG?) y ; : B
00T W0 W0 A0t 00 10 g 0 0T 00 0% 0t et 0% a0 g
¥Sya5
acviseosant y5 VS yoas | YO y=25
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Calorimeters  Muon Id ‘
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FeAl yis
Hadronld ¢ FCA

Tracking

M4
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JINST 3 (2008)S08005

620050 '(2002) 52014d

BHPS with CTEQ6.5

0"

PDF in a Pb nucleus/PDF in a single nucleor

Bjorkenx = fraction of the nucieon momentum carried by a parton a

-30<y*<0
Probe intrinsic charm content in the nucleon.
Access nPDF anti-shadowing region.

Credit: Sara Sellam, Strangeness

in Quark Matter 2022
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Centrality determination in PbNe i

¢ The centrality of a nucleus-nucleus = overlap region
between the nuclei where the nucleons are colliding.

LHCb

* MC Glauber model used to to isolate the hadronic PbNe -

part and subsequently define the centrality classes

* Proxy: energy deposit in the ECAL
(VELO clusters saturates)

20% 10205

0205

Spectators

40 6 - 4 5
Energy [TeV] Energy [TeV]

LHCb simulation

PbPb

B35 4

LHCb simulation

PbNe

Pasicipants

0%

Events [a.u]/ 1

Before collision Afer collision

Credit: Elisabeth Maria Niel, Large Hadron Collider Physics 2022
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