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1. The LHCDb collaboration at CERN
2. The LHCDb detector and its particularities
3. Open questions on heavy-ion physics
4. Characterisation of heavy-ion collisions: centrality determination

= How-to at LHCDb
5. Studying small systems at LHCDb
6. A few illustrative results of global analyses

- trying my best to avoid those of topics already covered in future lectures

7. Outlook: a few words on the LHCb Upgrade

Please ask questions any time!
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The LHCb collaboration at CERN

* One of the four main experiments at the Large Hadron Collider (LHC) at CERN

* Located at point 8 Beam configurations durin
_ g Run 1
F f https://cds. .ch/ d/2684277
'gure from https:reds.cern.chirecor (2010-2013) and Run 2 (2015-2018)
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The LHCDb detector

Forward spectrometer fully instrumentedin2 <#n < 5 8
- aimed to collect large statistics of b hadron production — e
Al
* Tracking system for charged particles F
2 e R |
» Particle Identification systems (PID): hadrons (r, K, p), neutrals of
(v, 7), and leptons (u, €) o
« Flexible trigger, configured to measure down to low pr “F g 5
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https://doi.org/10.1088/1748-0221/13/04/P04017
https://doi.org/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1142/S0217751X15300227

Collider mode collisions at LHCDb

IJMPA 30 (2015) 1530022
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Luminosity in pp levelled in LHCb, u ~ 1 (pile-up, average number of interactions/bunch crossing)

e Lower rate in pPb and PbPb, 4 <« 1

Different energy per nucleon of Pb and p beams: Epy, = (Zpp/App)E, = 0.39E,
- Boost of nucleon-nucleon CMS system in proton-lead: = 7, — 0.465

Larger detector occupancy with more particles per 77 unit: pp < pPb < Pbp < PbPb
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Fixed-target collisions at LHCDb

SMOG system: inject gas inside LHC vacuum, measure collisions

between beam and gas nuclei at rest Phys. Rev. Lett. 121 (2018) 222001
\b [ =y T T T T T T T T T = |
- Used both for collider luminosity measurements 2014 JINST 9 >1000 i# LHCb -
P12005 and for physics measurements! = [ e e o candidat .
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https://doi.org/10.48550/arXiv.1808.06127

Summary of available datasets

p Pb Pb Pb
e G- -

P P

—y
(w]
o

I (5 =5.02Tev © o

B s, -816Tev
31 2018 (6.5 TeV): 2.19 /b
§ * 2017 (6.5+2.51 TeV): 1.71 b+ 0.10 /b | | 201 8 2012
. 2016 (65 TeV) 1.67 .“fb , .................................... . ..............................
2015 (6.5 TeV): 0.33 /fb
pPb Pbp PbPb O : : :

Pbe 2012 (4.0 TeV): 2.08 /b A 7

2013 | 2015 | 2016 | 2018 « 011 35TeVR111 M
2010 (3.5 TeV): 0.04 /fb

iy
o

)
1

_.
<

S
n
N
—_
l
™

recorded luminosity [nb]

>
[
O P
o 2

11_ ................................... ....................................... ........................ ' s 2011
O ——— s Sy - e

0.7 s R i P T OO o e

:
|
\

Q_’ﬁ o—»@

Gas (Ne, Ar) P (He ﬁ:i\r \

Y] — S/ O T— 2015.....

—
o
o

| IIIIII|T| IIIII|'|T] IIIIII|T| IIIIII|T|_

Beam Energy

Integrated Recorded Luminosity (1

0.2 _._ ................................... .............. .................................... ......................................
2500 GeV ;

B 4000 GeV “ May o
I B 6500 Gev Month of year

pNe pHe pAr pAr PbAr pHe pHe pNe Ne PbNe
2015 | 2016 | 2017 | 2018

—_
o

—_
Q
n

protons (Pb) on target [10%]

Oscar Boente Garcia Global analysis in HI at LHCb 22/12/2022




The Vertex Locator (VELO)

* VErtex LOcator: silicon micro-strip tracking
detector around the interaction point

- Primary Vertex (PV) reconstruction

- Secondary Vertex (SV) reconstruction — high
vertex resolution needed to resolve D, B vertex (b)

- Provides first seed for track reconstruction SN ol /R box

e Coverage of 2.0 < n < 5.0 (forward region)
and around —3.0 < 7 < — 2.0 (backward
region) modules

e High efficiency and low fake track rate

corrugated foil

VELO XZ profile

backward modules forward modules
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C SIDE LHCb JINST 3 (2008) S08005

VELO performance JINST 9 (2014) P09007
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https://iopscience.iop.org/article/10.1088/1748-0221/9/09/P09007
https://doi.org/10.1088/1748-0221/3/08/S08005

Tracking at LHCDb

Upstream track
4

/
7

* TT (upstream magnet) + T1/2/3 (downstream 0 T
magnet) o02F ! : l |
- high resolution p measurement, specially for 2 04 [L : | : :
long tracks > r : I
'_
- Kinematic constrain: long tracks need = -0.6 - : : :
p > 2GeV/c to reach T1/2/3 0.8 [- : o |
e Tracking optimised for low-occupancy (pp -1.0 Lr : : : :
collisions with u ~ 1) R L . . : : :
- VELO saturation in 60 % most central PbPb : 2 4 0 87 (™)
events :
|
|
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Particle identification systems

* Already discussed in previous lecture

- RICH1/2: &, K, p separation

- Calorimetry:
*SPD, PRS: hardware trigger
*ECAL: ¥ (and 7 — yy)and e ID
*HCAL.: contribute to hadron ID

*no saturation down to very central collisions
— crucial detector for centrality determination 15
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https://indico.tifr.res.in/indico/conferenceDisplay.py?confId=8594
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https://doi.org/10.1142/S0217751X15300227

Heavy-ion (HI)
collisions



Heavy-ion collision and open questions

e Understanding of the evolution of a AA collision:
1. Initial state
2. Hard scattering
3. QGP formation
4. Hydrodynamic expansion
5. Hadronization and freeze-out
e Characterisation of the Quark Gluon Plasma (QGP)
e Evolution of physics phenomena from small to large systems. Explanation for QGP-like
signatures in small systems (pp — pA — AA)

Time

~

Figure of J. E. Bernhard from arXiv:1804.06469
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Characterisation of heavy-ion collision

e Not all AA collisions are the same...

» Collision geometry affects QGP evolution and measured - S0%-10%  AwiAu v (@) -
observables 0.2__ . 200/::300/: v X @ |
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https://doi.org/10.1016/j.physletb.2019.01.006

Centrality determination at LHCDb

e Geometrical quantities of interest:
- b: impact parameter (transverse distance between nuclei centre)

- Nyart NUMber of participant nucleons

- N_,p1: number of binary nucleon-nucleon collisions

No direct way to determine experimentally this quantities

- Model-dependent analysis, using the well-established MC Glauber model
Ann.Rev.Nucl.Part.Sci. 57 (2007) 205-243

- works well specially in central collisions
- in peripheral collisions, electromagnetic interactions are important Phys.Rev. C97 (2018) 054910
Ann.Rev.Nucl.Part.Sci. 71 (2021) 315-344
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https://doi.org/10.1146/annurev.nucl.57.090506.123020
https://doi.org/10.1103/PhysRevC.97.054910
https://doi.org/10.1146/annurev-nucl-102419-060007
http://10.1088/1748-0221/17/05/P05009

The MC Glauber Model
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Nucleons from nuclei A and B generated as hard
spheres, simulate nucleus-nucleus collisions as:

superposition of individual nucleon-nucleon
interactions

nucleons move in straight lines (even if they collide)

nucleons collide if d < 1/ o

Two key ingredients:

1.05

-

095

09

Nuclear transverse density profile p(7)

Nucleon-nucleon cross-section U-Nl\II — extracted

1ne
from measurements

0.1 1 10 100

L ) ll ¥ L A A Y T '1 A} Al 4 Y L 4 ¥ l" Y Y A L 4 ¥ L l' <‘ -

T T ' ' a+bln" s (90% CL) 1 —

| { a=2884+052 ] Q
N b=0.05 +0.02 1
-1 _ n=237+012 7
i) * 0 ]
| E -
™ Ratio (data/fit) n 3
' , -
AR REAPERFITAPTT RERTUCTRNPPTIT KRR T | J

4 Fixed target (pp)

W UAS (pp) O ALICE (pp) ]

% STAR (pp) B
_ ATLAS

iyt O {(pp) ]

4= CDF (pp) O cms pp) 1

<5 LHCb (pp) ]

¥ TOTEM (pp) B

$£3 AUGER (p-air)

4
| A PR SR S R T | " PR SRR S T | L2

0.1 1 10 100

Vs (TeV) Ann.Rev.Nucl.Part.Sci. 71 (2021) 315-344

Wood-Saxon distribution:

R: nuclear radius
w: spherical shape deviations
a: diffusivity (skin depth)

Po- density at nucleus centre

0.8

0.6

0.4

0.2

I
| 4
I
|
I

/ -

LIIIIIIIIIIIIIIIIIIII

-

Global analysis in HI at LHCb

g |

JINST 17 (2022) 05, P05009
22/12/2022



https://doi.org/10.1146/annurev-nucl-102419-060007
http://10.1088/1748-0221/17/05/P05009

Centrality determination at LHCDb

Ann.Rev.Nucl.Part.Sci.57:205-243,2007

* Relate Glauber parameters with experimentally measured quantity ~ 1pr—r——"———"———————"
(d ch/dNevt’ dE/dNevt"') with a mapping procedure - 50 100 150 200 250 300 350  <Npar>

10 CS)

- Assume that b is monotonically related with particle multiplicity

do/dNe (a.u.)

* In LHCDb, best option for experimental quantity is total energy
collected in the ECAL

- No ECAL saturation down to 0 % centrality in PbPb 102
- ECAL energy does not depend on vertex position of PbNe :
collision E
0 107
e ECAL energy proportional to 7™ production, mean energy deposited SRR 5 5
per particle: (EPPP®) = 10.4 GeV; (EP™N¢) = 10.4 GeV S0 7080 %0 e o \
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Data selection

JINST 17 (2022) 05, P05009

* Low-energy events dominated by electromagnetic interactions E 10! | LHGb ~ Data i
. . ECAL . ECAL :‘ ?'._ — Glauber g

- Restrict fitto Eg ™ |ppy, > 2TeV; By ™ [pne > 0.5 TeV s | :

e Background interactions in PbNe collisions %10_2 E E
- Simultaneous PbPb and PbNe data-taking in 2018 %10_3 : ‘v\ ]

o= E | : 3

- Need to disentangle both contributions L%) ;

* Fixed-target collisions do not leave backward VELO activity I I

* Remove SMOG interactions upstream the VELO and ghost 21_ ............................................... é%W.,,...,..,.....,....~..,,..é,.,...........,..,..,,.,,.,,.'..,,...,.,.....,.

PbPb interactions o
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Fitting the model parameters

JINST 17 (2022) 05, P05009

We construct a model from the output of the MC Glauber to
reproduce data distribution:

I T T T I
—— Data

f: fraction of soft — Glauber

— rocesses contributin
Nanc _fXNpart_l_(l _f)XNcoll y J

to particle production PbPb
e N,,.— proportional to particle emitting sources. We sample 310_4 L
a negative binomial distribution (NBD) V. times: g 0k
n+k—-1)"! . :
P, (n) = 1-p)s p=ulk+1 107
k(1) =) prd=p) p=(u ) . T
. 2_ .............................................. ........................................................................................... -
* No large effect from k, fixedto k = 1.5 I ; | - i}
. - . % 2 30 60
e f and u parameters obtained by fitting the obtained Glauber Energy [TeV]
distribution to data
= 78F ' Lach 1 = F 10°
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74 é % Best Fit from fit minima: f = 0.87, u = 6.85 | E_
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Results: Glauber parameters in PbPb

JINST 17 (2022) 05, P05009
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Results: Glauber parameters in PbNe

JINST 17 (2022) 05, P05009
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Systematic uncertainties

JINST 17 (2022) 05, P05009

Considered systemati POPb .
[ ] " _
onsidered systematics. Centrality % | E[GeV]  Nun 0w  Netl Oy b 0%
- Bin-width dependence — from boundary 100-90 0-310 2.9 1.2 1.8 1.2 154 1.0
E | | ’ 90-80 310-800 70 29 58 31 146 09
ECAL Values to sample percentiles 80-70 800-1750 159 48 164 7.0 13.6 0.7
_ Hadronic cross-section o VN uncertainty 70-60 1750-3360 313 7.1 413 147 126 06
inel 60-50 3360-5900 547 100 926 277 116 0.5
- Fit uncertainty: alternative ( f, u) best fit results S0-40 9009630 87.5 13.3 1875467 10.5 0.5
| 40-30 9630-14860 1312 169 3455 716 92 0.5
- NBD sampling 30-20 1486022150 188.0 21.5 593.9 1052 7.8 0.6
. Additionally, contamination from 20-10 22150-32280 261.8 27.1 9725 1519 6.0 0.7
T 10-0 32280-c0 3572 322 15703 2368 33 1.2
electromagnetic events below 5 % for > 84 %
central events in PbPb (> 89 % central events PhNe
in PbNe) Centrality % | E[GeV] Npat ONpw Neol ONew b 0w
e Smaller than RMS from Glauber Model 100-90 0-94 25 08 14 07 109 11
90-80 94-184 39 16 27 15 104 1.0
80-70 184324 68 24 52 24 97 09
70-60 324533 113 32 97 38 9.0 08
. - Hadronic . 60-50 532-828 179 42 173 59 82 0.7
Centrality class | Bin-width .~ Fit  NBD 50-40 $28-1213 267 52 290 87 74 06
40-30 1213-1690 380 63 456 123 65 0.7
PbPb 80-70% 3.96% 0.44% 0.38%  0.25% 30-20 1690-2250 517 75 678 161 54 038
10— 0% 0.46% 0.08% 0.06% 0.03% 2010 2250-2879 67.3 83 941 189 4.1 1.0
AN 80—70% 3.53% 0.74%  0.29% 0.29% 10-0 2879-c0 848 9.5 1204 186 27 11
c
10— 0% 0.54% 1.01% 0.12% 0.06%

Summary of systematic uncertainties
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Example 1: photo-produced J/y in PbPb

Phys. Rev. C105 (2022) L032201

 In PbPb collisions, J/y can be
produced both in electromagnetic and Coherent photo-production Hadronic production
hadronic interactions between nuclei

Pb Pb
Pb

e Measurement to quantify photo- 2 )
production N .—n.-w

e Ratio between hadro-produced and TR S
photo-produced J/y depends on

Pb

centrality y(pomeron) — Jly gg = Jly
10”7 220———
O 5 x' T o~ :l ' ]
s LHCbl : S 2000 IEEP%bF 5 TeV E
2 - i = - San =9 1€ -
S 0.4 PbPb sy =5 TeV —— Data - S 180 <N, >=106229 2 E
o B l;l(l)oto—projlgced g No overlap effects i § 160 = ;8 < mM*Z’ ; 32GeVic =
- 20<y<4. B O 140F 20<y<d4. =
0-3: J 250 MeV/e e Overlap effects - 120 f— NJ/w =277+19 _f
i 1 joof- 1~ Data =
0.2 :_ + _: S0E "7 J/Ap hadro-produced =
B % .l, ] 60 E e J/Ap photo-produced E
O 1 ——— TN N N N AR AR R R RN Y X E E
I EESS ’ 40F £
N R L | ] 20 E
1 * 0 0 5 10 LLL 15 LLL 2_0
<N _ .

part In(p2/[MeV?/c?])
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Example 2: J/y/D" ration in PbNe

« J/yis suppressed in low energy nuclear collisions
due to nuclear absorption with respect to D’

- Expecting an additional “anomalous”
suppression if QGP forms in PbNe collisions

. Trend fitted to N, @’ = 0.76 % 0.05,
compatible with values fitted with pA collisions

e no anomalous J/y suppression is observed

\'Syy = 68.5 GeV

—&— pNe
——&— PbNe
—— a'=0.76 = 0.05

\\\\\
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Small systems: pPb,
pp, pHe, pNe, pAr...



Studying collectivity in small systems: multiplicity

Small systems are the core program of heavy-ion physics at LHCb
- no centrality limitations such in PbPb, optimal performance of all subsystems

Transition between small to large systems
- is there a connection between high multiplicity and low multiplicity?
Centrality determination is challenging in small systems:

- low multiplicities subject to fluctuations in pA

- no centrality analogue in pp

Generally, event multiplicity (i. e. N, per event) is used directly as a metric

Some complications:
- which 7 region is used to determine the multiplicity, effect in result?

- IV, Without detector effects not always available

At LHCDb, we generally use VELO information:
- Very good performance (high efficiency, low fake track rate)

- best # coverage (2.0 < # < 5.0 and around —3.0 < < — 2.0)
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Di-hadron correlations in pPb

Phys. Lett. B762 (2016) 473

Search for ridge-like structures in high multiplicity pPb collisions

- Sign of collectivity, considered a QGP signature

* Using hit (cluster)-multiplicity in the VELO detector as activity estimator
CNosir A7 = e = Mo

Niige dANAAGD A = dirigy = bussoc

Measure two charged particle correlations in (1, ¢):

Ridge observed both in forward and backward detector configurations

10’ LN
Activity class

Bl 50-100% (very low)
[130-50% (low)
3 10-30% (medium)
B 0-10% (high)
......... 0-3% (very high)

LHCb Pb+p \s=5TeV
1.0 < P, < 2.0 GeV/c
Event class 0-3%

10°

Events

10°

10* o Al
LHCb Pb+p 3 227
10° Vsy = 5 TeV £ 0154 st
@ <1: 211 /,"4““"! \\ N
102 < o SO AT RS,
&0 Ly O ' 8% \ oL S
~|,_£2:05] 5 f{!!'l"l““.(\‘\;\:\""‘
10 Z ZX NNV X “‘v
1
0 2000 4000 6000 8000 10000
Nhit
VELO 1 P
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https://doi.org/10.48550/arXiv.1512.00439

Other studies with multiplicity

e Study of exotic particle production with event

multiplicity — Information
e Different models of comover interaction

« Observed dependency of y,.,(3872)/w(2S) provide different conclusions
ratio with event activity (tetraquark vs molecule)
e Estimator: number of VELO tracks in the event
N VELO
tracks

Phys. Rev. Lett. 126 (2021) 092001

o~ °““F LHCb = 4 =
slE C p (5=8TeV -4 Prompt 4 b decays .
|8 TTF p.>5GeViegs =
= | = - Pr s Comover Interaction Model, Esposito ef al. -
! S 0.11— s Molecule Compact Molecule
~ /’L - $ (coalescence) tetraquark (geometric) .
> [\ 008 |— —
A - —H— .
3= - —f— .
ES E 0.06 — ]
Q N -
S|~ 004 ]
3 N $ _
AR = _$_ —~
> = -
e 002 ™=
0 B : L I A R T R

0 50 100 150 200
NVELO

tracks
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Study of cold nuclear matter

e (Cold Nuclear Matter (CNM) effects: modifications of
particle production yields in ion collisions with respect

to pp that are not due to formation of a deconfined
medium, including:

. . T Te
- Final state effects D SE e S B A B e T
= " EPPS21 g
- Initial state effects S, [ (nushadowing maXim“m\
PSR 2 : :
N _ e T Ay
 Initial state effects can be treated with global analyses I Y
. . g . . . 1.0 - 1 =
that parametrise modifications with respect to pp in o : /-
- shadowing 2L < 1Y,
nuclear PDFs 0g | i "]
- Need of experimental data as input! -
. i ] 06 ——" ................................................ = Y
e Experimental data is also needed to characterise other i
CNM effects 04 i Ll Lol Lol
10" 107 10> 5 10" 1
e Main observable: nuclear modification factor: Figure from Eur.Phys.J.C 82 (2022) 5, 413

1 d*6,p, (1, pr)/dprdn
d20 (’7 pr)/ dPTd’?

R,p,(17, pr) = A =208
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https://doi.org/10.1140/epjc/s10052-022-10359-0

Exploring (x, %) diagram

« LHCb probes the frontier regions of the (x, Q%) diagram
- set additional constrains to nPDFs and other CNM models

- analyses generally aim to provide production cross-sections and R Pb with respect to (1, pt)

* Two examples with light probes: light hadrons and 7w’ production in pPb and pp

[a—
)
~

/ATLAS/CMS/ALIC

:
>

[ [
o ()

()] (@)
1 IIIlIII

[E—
()
IS

I llllllll I IIIIIIII

momentum transfer Q* (GeV/c)?

10° 3
10 —
| | | .
forward 10_6 10_5 10“4 10‘3 102 10" 1 fixed-target

fractional momentum x
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Prompt charged particles production in pPb and pp Yﬁc.'é

Phys. Rev. Lett. 128, 142004

1 d*6,p, (17, pr)/dprdn

Nuclear modification factor — R p (17, pr) = , A =208
P A dzapp(napT)/ded;/]
4o 1 NCh(ﬂ pT) N prompt charged particle yield
= . An, Ap+: bin size
dprdn <  AprtAn . L
pPb, pp - integrated luminosity of the dataset

- long-lived particles (lifetime < 30 ps)

* Prompt charged particles: o , _ _ _
- produced in primary interaction or without long-lived ancestors

 Long-lived charged particles: #n~, K ,p, e, u , 2, 2%, X7, Q (+cc.)

Beam Acceptance Luminosity
pp 2<n <48 3.49 £ 0.07nb~!
pPb 1.6 <n<4.3 42.73 +£0.98 ub™*
Pbp | =5.2<n < —2.5 | 38.71+0.97 ub~!

o Datasets at /sy =5 TeV ——

« Measure R,p, in common 7 range
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Prompt charged particles production in pPb and pp Yﬁc.'é

Phys. Rev. Lett. 128, 142004

« NM measured with long tracks, covering

p>2GeV/e, 0.2 <pr<8GeV/c magnet
C candidates P 1T /
¢ N = e VELO

Erecofsel

candidates, i e long track
- N : selected long tracks

- P: signal purity
- €00 FECONStruction efficiency \
- &,.- selection efficiency

Figure from JINST 10 (2015) 02, P02007

T stations

e Background contributions:
- Fake tracks, reconstruction artefacts not produced by charged particles
- Secondary particles: particles from

* interactions with the detector material (¢~ from y conversions and hadrons from hadronic
interactions)

% daughters of long-lived particles (A", Kg, >t
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https://doi.org/10.1088/1748-0221/10/02/P02007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Prompt charged particles production in pPb and pp YﬁC‘p

Background description Phys. Rev. Lett. 128, 142004

* Background from fake tracks specially important
- Increases with event occupancy, large contribution in Pbp

- Contribution rises strongly with p
* Remove most background with a tight track selection

» Selection efficiency measured on data using a calibration sample of ¢(1020) - KK~
decays

* Remaining background estimated with simulation and corrected with data

- use background-enriched proxy samples

Relative particle composition

* Reconstruction efficiency depends on relative particle composition

e Charged particle composition not yet measured in LHCb acceptance for pPb — use EPOS-
LHC simulation validated with ALICE data (Phys. Lett. B760 (2016) 720)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Prompt charged particles production in pPb and pp Yﬁcfé

Phys. Rev. Lett. 128, 142004

e Measurement dominated by systematic uncertainties:

- particle composition in pPb for most bins

- tracking efficiency and signal purity in boundary (1, pt) bins
 How to improve the precision?

- Measuring abundance of 7, K and p using PID information, greatly reducing
particle composition systematic

pPb [%]  pPb [%]

(forward) (backward) pp [7]
Track-finding efficiency | 1.5 — 5.0 1.5 - 5.0 1.6 — 5.3
Detector occupancy 0.0 -28 06 - 29 01-1.6
Particle composition 04 -41 04 - 46 03 - 24

Uncertainty source

Selection efficiency 0.7 -22 07— 30 1.0 - 1.7
_Signal purity | 0L -18 0.1 -117 0.1 -2538
Luminosity 2.3 2.5 2.0

Statistical uncertainty | 0.0 — 0.6 0.0 — 1.0 0.0 — 1.1
Total (in d*c/dndpt) (3.0 — 6.7 3.3 —14.5 2.8 — 8.7

Total (in R,pp) 42 - 92 44 -16.9
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Prompt charged particles production in pPb and pp

e Strong suppression at forward 7 (saturation region)

« Enhancement at backward for p > 1.5 GeV/c, not reproduced by nPDF

predictions —additional CNM effects there?
Phys. Rev. Lett. 128, 142004

R I I B I LI I L I I R I I I I R L I L I S I AL I B
1.8 LHCb 1 Prompt charged | 1 EPPS16+DDS
© 16k 1 A 1 Data 1 1}
Q& 1.4. Soe=5 TeV | particles | | —CGC
-ch S | | ! D pQCD+MS .
S I ’// T T //,/’m T 2T o
E ol 1 // - : | //// 1
L 06'. 1 / t & 1 - !
04k 7 Yo7 177 Vi Z 1/ 7
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MIEPE IMIPEPE MEPEPE BMEEPE PR P E M E T T P T T T T i P e s e e P P e rews
U R I I I AR I IS RN R I I AR A RN LA RS AN RN RN RN RALE LA RALE b
1.8} 1 :
. 531.6- 1
Sl g | geeap | gERE | sk s
- W”// e wii | it -///W
o 0.8} / N Y :
m 06} g 147 3 ¥ i !
04} t : :
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Neutral pion production in pPb and pp TaES

arXiv:2204.10608

 Measurement of 7" production cross-section:

- Disentangle effects from different hadrons — better understand enhancement in
backward

* Detection technique fully independent from charged
particle analysis:

cnv
fy

- Measure 70 — yVycdl

0 cal, cal

* usem — y “y° as cross-check and
efficiency calibration Y
Kinematic coverage:
* Datasets:
1.5 < pr < 10.0GeV/c
- pPb and Pbp data at 8.16 TeV 2.5 <y < 3.5
- pp reference constructed with 5 and 13 TeV datasets —4.0 <ney <—3.0
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Neutral pion production in pPb and pp TaES

arXiv:2204.10608

* Yields of 7 extracted from fit to mass spectrum
for each kinematic bin

- Signal: two-sided Crystal Ball function

- Combinatorial background: constructed with
proxy sample of charged tracks

- Bremsstrahlung: combination of the
converted photon and its own brem. radiation

e Yields of 7" corrected by detector effects using
simulation:

- (Calibration to correct data-simulation
differences (JINST 14 (2019) P11023)

- lterative unfolding technique used to correct
efficiency and resolution effects

S

o

Candidates / (5 MeV)

DO

 LHCDH A ppb, /SNy = 8.16 TeV

2.0 <nem < 3.9 |
2.0 < pr(n?) < 2.2 GeV |

+ Data

— Fit

Comb.
B Brem.

100 200 300 400
M (~yy) [MeV]
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https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11023
https://arxiv.org/abs/2204.10608

Neutral pion production in pPb and pp TaES

arXiv:2204.10608

« Result for do/dp cross-section = ¢ pPb. /Ey = 8.16 TeV |
_ _ gl()?’ § 208 X pp, /5 = HTeV
* Interpolation of 5 TeV and 13 TeV cross-section T ™y L 208 x pp, /5= 13TeV
to construct the reference for R py, £ 2? iy |
= 10%
e Correlated uncertainties across datasets cancel S | =N
Ig RprZ 101; -
- total uncertainty less than 6 % in most p | m;jf%
. 0L _
intervals Ly <Ln}£b< 3.0 =
= :
Source do/dpr [%] Rypp [%0] é o
Fit model 20126 09158 £ Ragne,
Unfolding 0.3-6.4 0.4-6.4 g T,
Interpolation — 0.9-4.5 % 10% “":mw@w
Material 4.0 - < "‘.;;m
Efficiency 1.3-1.9  1.9-2.1 s =,
Luminosity 2026 2223 | TR
Total systematic  5.4-15.0 4.3-17.4 107 - LHCDb - s
Statistical 1096 1491 B —
2 3 4 5 6 7 8910
pr |GeV]
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Neutral pion production in pPb and pp

arXiv:2204.10608
Forward region: similar suppression as charged hadrons, compatible with predictions

» Backward region: less enhancement than charged hadrons — effect stronger for p, K?

0.5 0.5- ¢ 0 /san=28.16TeV, —4.0 < nem < —3.0 4
. nCTEQ15+LHCb DY
[ 1| EPPS16+LHCb D°
¢ 0 oy = 8.16TeV, 2.5 < njeas < 3.5 E——CYSYS
- . . . . .
Q§5~1-5 - LHCb

050 - 0.5}

¢ 7, /5w =8.16TeV, 2.5 < ney < 3.5 ¢ 7 /oW =816TeV, —4.0 <7ow < —3.0
+ h*, /s =5TeV, 2.5 < ey < 3.0 |+ BT e = 5TeV, 3.5 <oy < =3.0
h*, o = 5 TeV, 3.0 < oy < 3.5 I e =5TeV, —40 <oy < 3.5
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 910
pr [GGV] pT [GGV]
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Outlook:



The LHCb Upgrade |

a4 N LHCb-TDR-12
Software-only s Upgraded muon
trigger L L Upgraded calo FE electronics,
New tracking FE electronics, remove M1
stations Side View remove SPD/PS M \ O\
M4 N N N
ik M3 : XA
, Magnet SciFi RICH2 M2 \
L o - G —
{ b ——— I'\
. [ //RICHT A T
New pixel [ .00 ut/ ) I \
VELO =
A= [
Vertex ! *4" .
Locator /|| "

—————]
T | ~—

New RICH PMTs +
upgraded
electronics

* Major upgrade: replacement of tracking and particle identification detectors
e New SMOG2 system — confinement gas cell upstream VELO

- upto X 100 gas pressure ( X 100 increase in luminosity)

- non-noble gases (H,, O,,D,,...)

- precise luminosity determination
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Expected improvements in AA collisions

» Expecting to be able to reconstruct down to 30 % centrality in PbPb

- new VELO is a pixel silicon detector —larger granularity— no saturation

- limitation expected to come from downstream tracker (SciFi)

« Also expecting to reach full coverage with heavier gases — PbAr

€ 40000 "7 Cr RAARAARARRARAIAS R AR O PR O | T ' — T
,§ + LHCDb simulation - Upgrade - % [ 2 - PbPb LHCb Upgrade 51mulat10n_:
0 35000 EPOS 100%-30% PbPb 5 TeV R w00 © F Rec ble distr. BestLong eff. on long part.-
- L = = [ _
$ 30000 b = L o —
H —80 o - - .
25000% 2 08 w.*.,,w =
20000 H S . s .
F 60 S 06 [ +"'+’x*’+ —
15000 E ~ - Fda, .
: 40 04 — *hf’%’,#* —
10000 EP b =T - N n
=) = 5 20 02 —_
5000 g - T - .
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The LHCDb Upgrade |: SMOG system

o Left plot: primary vertex z position in simulation
e Right plot: firsts plot from commissioning run (data!)

- Two independent interaction regions, separation of both types of
collisions possible even with simultaneous data-taking

- much better control of systematic uncertainties

LHCb-FIGURE-2022-002

» 30000 F v vy~ vy "y . T 4 . : = x10°
*q"c; [ LHCb Upgrade SlmUIatlon N g 180 Run 251995 Interaction region (pp)
= 25000 — . — S 160 ) i
'g — beam-beam collisions ] T
L . 140 ’
< [ - o ]
O 20000 = =—= beam-gas collisions ] 20
15000 — B = SMOG2 cell (pAr)
- ] 80 < >
10000 —] 60—
- ] 40—
5000 — — ok
E : . . E 0: L | A ] | L \ | I L | s
O 1 ! 1 i i 1 1 1 1 -600 -400 -200 0 200
—200 0 200 z [mm]
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Summary

The LHCb detector:
- collider mode: pp, pPb, PbPb
- fixed-target mode: pHe, pNe, pAr, PbAr

Centrality in PbPb and PbNe collisions at LHCb
- The Glauber Model and ECAL

Studying small systems at LHCb:

- Strategies to measure with respect to charged particle multiplicity

- Analysing data: measurements of (77, pt) spectra of charged particles and neutral pions

Outlook: the LHCb Upgrade

- will increase our centrality reach in AA collisions

- new SMOG2 gas storage cell:
*more luminosity
*more gases

*simultaneous data-taking with pp
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