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|. Introduction: Two-particle correlations and collectivity
2. LHCDb capabilities

3. LHCb measurements:
3.1. Two-particle angular correlations in pPb at , /s,y = 5TeV

3.2. Centrality dependence of two-particle angular correlations in PbPb at , /s,y = 5TeV
3.3. Multiplicity dependence of two-particle angular correlations in pPb at . /s,y = 8 Tev
3.4. Study of the Bose-Einstein correlations of identical pions in pPb at . /s,y =5TeVv
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Introduction

Initial state: Energy density spatial asymmetry in non-central ion collisions Momentum and position asymmetry
in the final state
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arXivinucl-th/0305084 X (£im)
Macroscopically described by Energy-Momentum Tensor Access to initial state properties
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https://arxiv.org/abs/nucl-th/0305084

Introduction

Extracting Energy-Momentum tensor components from collective flow Measuring it with Fourier decomposition of particle correlations
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https://www.nature.com/articles/s41567-018-0360-0#citeas

About LHCDb

LHCb experiment A

: : : y \
* Single-arm fully instrumented spectrometer in 74 N\
;/] = [2, 5] pECAL _— o 1\14 M5
* pp, pPb, PbPb and fixed target modes N . T
* Momentum resolution: Domus | X\

Ap/lp=05-1%,p € [2,200] GeV/c
* Primary vertex resolution: € [10, 35] um
* ECAL energy resolution: arXiv:2008.1 1556

13.5% I\ EIGeV & 5.2% & (0.32GeV)/E

JINST 3 (2008) SO8005
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https://arxiv.org/abs/2008.11556
http://dx.doi.org/10.1088/1748-0221/3/08/S08005

Accessing low-x phenomena

) , , _Sat.region from PRL.100.022303
e )“: exchanged moments between interacting partons 10* e
* x: momentum fraction of the parton with respect to nucleus

LHCDb (pPb) BN PHENIX (pAu)
LHCDb (Pbp) Bl PHENIX (Aup)

CMS BRAHMS
Q 102k ATLAS 1 pr>15GeV/c
f ALICE

2 2 2 _
QNm +pT9 X 677

10* |

Q°[GeV?

e Forward, 107 < x < 1074 |
e Backward, 107> < x < 107! | pr>1.5GeVi/c

l 10° |

Unique access to low-x physics

eLHCDb coverage

LHCDb particular capabilities T - S —

* Charged and neutral hadron production at small-x | T

e Capability to study one system in a wide range of x values:
* Forward/Backward comparison

* Possible access to the saturation region —Non-linear dynamics

fOrWard
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.022303

Two-=-particle angular correlations

dzN airs S(An, A
P _ B(O, O) ( e ¢)
Ntrig dA¢dA77 B(AI’], A¢)

Correlation function:

dNpars py s
S(An, Ag) = —— > Correlated pairs from the same events ' (A9, An)

Nuig dAG Trigger g
Where » Particlea
1 delxe

pairs

Npairs(A¢ =0) dAg

B(An, Ag) =

> Uncorrelated pairs from mixed events

Background mixed events should have similar features with respect to signal

Fourier expansion
v; = Directed flow

dN airs 3 V assoc, rigg
diqﬁ =A|l1+2 Z (V,) cos(n - Ag) | Fitting we extract — v, (p7"%) = oPT P ) v, — Eliptic flow

trigg . tri .
n=1 \/ V.(pr°8,p1'®%) | v; = Triangular flow
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Two-=-particle angular correlations in pPb at 5 TeV

| dNpip 5(0,0) 541 A)
N, .. dAndAg " " B(An, A®)

, Correlation function:
rig

e ¥ =95ub7!

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

I\ Jet correlations
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Events

PLB.2016.09.064
Activity class definition based on percentiles of N‘}}ZELO distribution™
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Activity class

Bl 50-100% (very low)
30-50%  (low)
B 10-30% (medium)
Bl 0-10% (high)
--------- 0-3% (very high)
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*VErtex LOcator (VELO): LHCb Vertex detector
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https://www.sciencedirect.com/science/article/pii/S037026931630572X?via=ihub

Two-=-particle angular correlations in pPb at 5 TeV

Quantitative analysis: PLB.2016.09.064

v L N S(A)
, |-dimensional yield: Y(A¢) = N = B(0, 0)
5

dAg B(A¢)

rig

* Integrating over 2 < | Ay | < 2.8 to avoid short range (jet etc) contributions
e Using zero-yield-at-minimum (ZYAM) condition to remove flat pedestal — C,y,,, from a second-order polynomial fit at A¢, .

LHCb Pb+p \sy=5TeV
1.0 < P, < 2.0 GeVl/c

2.0< P, < 3.0 GeV/c

Event class 0-3% 2
t i O. 15 CZYAM:O°32 (p+Pb)
| N —

g‘ 22 QI) O 1 O CZYAM—O-4O (Pb+P) o
£12 2154 A Y o p+Pb data R
= <]S_- m— < o Pb+p data e

3 219 3 iy
— Z%D 2.057, — 0.05

2
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https://www.sciencedirect.com/science/article/pii/S037026931630572X?via=ihub

Two-=-particle angular correlations in pPb at 5 TeV

PLB.2016.09.064

0.15< p, < 1.0GeV/c 1.0< p, < 2.0 GeV/c 20< p,< 3.0 GeV/c

JSRNL LA N B R R B S BEL NS BN S R B SN BN L R
CZYAM=2’O6 (Pb+p) CZYAM=O'37 (Pb+p) .

Lower activity events (>30%)

— 5 °* No near-side peak
* Pronounced away-side peaks

\Say =2 TeV
* p+Pb data
O Pb+p data

50-100%

Adiidinpy

 Cyyan=5.67 (p+Pb) | Cryan=1.39 (p+Pb) | C,yan=0.32 (p+Pb)
- CZYAM=8'63 (Pg@) 1 CZYAM=2'O7 (Pb+p) 1 CZYAM=O'4O (Pb+p) | High activity events (<30%)

o * Near-side peak emerge
¢ NS ) —— > ¢ Near-side peaks are higher in Pbp than in pPb

Q \,’ "'\vl“
O W, " [
o 1’9 L _%!_ TR v * prdependence for both near and away-side peak
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https://www.sciencedirect.com/science/article/pii/S037026931630572X?via=ihub

Ongoing analyses

Charged hadrons v, in PbPb at , /s,y = 5 TeV Charged hadrons and charm v, in pPb at , /s,y = 8 TeV

* Charge hadron v, in PbPb at 5TeV
* Centrality determination using calorimeter energy and MC Glauber

* Study initial effects at low-x

* Study direct flow in forward region[ ¢ Tracks P e Z . 15nb""
. P _ ~1
Z =228 b centrality [P > 2GeV An|>11° Multiplicity dependent measurement
_ % ) <n<4, — o ST . . .
TINST 19 POSO0 65 -100% n<4.9 Multiplicity correction with response matrix

x10°

10 * Precise charmed mesons reconstruction— High statistics
Glauber

—10* (/\];\
s S 6000 LHCb pPb forward, D’
% 10° O —
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https://cds.cern.ch/record/2789548/files/document.pdf
https://arxiv.org/abs/2205.03936

Bose-Einstein correlations of identical pions in pPb

* Bose-Einstein correlations (BEC) — Enhanced production of identical particles with small momentum
e Measure scales that are referred to as lengths of homogeneity — Related with the geometrical size of the particle-emitting source
e Correlation radius scales universally with the cube root of the charge-particle multiplicity

= 2.2¢r -
= 2F LHCbpp .
Data sample: 2013 pPb/Pbp data at /sy = 5.02TeV /) <18 E— (s=7TeV ] —f
|. Two-particle correlation function ’b/bg/-ess 1.6 E— —f
- (] n
N\ [ dN*8(Q)/dQ s -
C = , where Q = —2=\/—k—k2 o -
|y [Ij g
Wh N*8 — Sample with BEC. Same-sign charged particles 0.8 ;_ _;
ere - -
N — Sample free from BEC. Event-mixing method 0.6 JHEP12(2017)025 -
04— T e
2. Levy-type parametrization: C, (Q) = 1 + e~ ®¢l — Correlation radius, R act?\?i]ty ?&i\l,lilg,l acti%ity

l

VErtex LOcator activity based classification
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https://link.springer.com/article/10.1007/JHEP12(2017)025

LHCb at Run3

New tracking system: [CERN-LHCC-2012-007]

._* Silicon upstream detector (UT)
e _Slcintillating tracking fiber (SciFi)

| | o : " \ . New electronics for
. , | .
New Pixel VELO ' .u .\ calorimeter and muon
, Side Vie Tungsten % chambers
* | HCAL M4 M
Magnet & * M3
Magnet Ytations SeiFi TORCH= gh“;{‘,,g
New SMOG?2 cell %Silicon ] RICH?
— Tracker | :
-\ Upgrade for pp requirement
by
) ..
[ 40 MHz collision rate
. “‘.J P 11 h
» e oy Y Nl :
* DPile Up factor ~5
‘ \.
Full software trigger

Many possibilities -
of flow studies in \

* Remove LO triggers.

small systems ‘fﬁ‘““: * Read out full detector at 40 MHz.
5
Phase-Il Lkigrade
New RICH optics and photodetectors Up to 30% centrality in PbPb
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Summary

* Two-particle angular correlations — Initial state properties

e LHCb can
Access low-x physics in pPb and PbPb, 107% < x < 107!

Measure two-particle correlations in a complementary pseudorapidy region to other experiments, 2.0 < < 4.9

Ongoing analysis:
o Centrality dependence of two-particle angular correlations in PbPb at , /sy = 5 TeV
o Multiplicity dependence of two-particle angular correlations in pPb at , /sy, = 8 TeV

o Study of the Bose-Einstein correlations of identical pions in pPb at , /sy = 5 TeV

More LHCDb results will come in the future —Stay tuned
W Y
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Backup: Event activity classification

* Multiplicity of reconstructed VELO tracks assigned to a PV for the 201 | no-bias sample.
* Different colours indicate three activity classes defined as fractions of the full distribution.
* The minimum value of the track multiplicity to accept reconstructed PV is five
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JHEP12(2017)025  VELQO track multiplicity per PV
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https://link.springer.com/article/10.1007/JHEP12(2017)025

