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Flow measurements

with the LHCD
detector

Samuel Belin on behalf of the LHCDb
collaboration
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Anisotropy in distributions of final-states _
particles described by Fourier transforms ~ *'2f ATLAs

X/
A X4

Those Fourier coefficient (v,), with the
initial geometry of the collision, can
provide detailed information on the
transport properties of the created

Well described by hydrodynamic model

Flow in heavy-1on collisions

0.1

0.06

TKT method: L, = 1ub”
PXT method: L_ = 0.5 ub™
ATLAS TKT p_>0.07 GeV, fn|<1
ATLAS PXT 0.1<p_<5 GeV, fn|<1
ATLAS PXT 0.3<p_<5 GeV, fn|<1

CMS 0.3<p_<3 GeV, fn|<0.8
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Elliptic flow in a non-central symmetric heavy-ion collisions
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Unique in this range*

The LHCDb detector

Single arm spectrometer fully instrumented in pseudorapidity range 2 <n <5

LHCb Run2

ECAL
SPD/PS

RICH2 M1

HCAL

B hadron PID
BN muon system
B lumi counters
s HCAL

A — ECAL

tracking

JINST 3 (2008) S08005

.]. Mod. Phys. 734 A30 (2015) 1530022
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ALICE

Excellent tracking

Excellent particle
identification.

Excellent primary vertex
determination.


https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
mailto:samuel.belin@cern.ch

The LHCDb detector

Excellent tracking and PID performance in pp and pPb collisions
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Available Datasets

Collider mode Fixed Target mode

F
10° P 10° Beam Energy
B (5, =5.02Tev -
10 ' 10 . 2500 GeV
2 B 4000 Gev
©
< B 6500 Gev
o

—
2

recorded luminosity [nb|

Bl 5, -516Tev I I
I I 7
pPb Pbp pPb Pbp

PbPb
2013 | 2015 | 2016 | 2018

4

I e”
o
10° 1 A I_
PbPb

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

* + Still many possibilities

protons (Pb

[Done or ongoing studies

with fixed target
samples
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Correlation funcuons

® Correlation function: 1 d’Npgir  S(An,Ag) < B(0.0) . N
Nirig dAn dA@  B(An, Ap) ‘ ‘ ormalization ractor

1 dz Nsame

® Same-event h-h pairs: S(An, Ap) Nirig dAn dAg

® all possible pairs within the same event

o . . .
Mixed-event h-h pairs: | g2Nmix

Nirig dAn dAg

. B(An, Ap) =
The two hadrons from two different events

® Correlated through detector effects, no real physics correlation

® Background

...... \ (a) CMS PbPb (s, = 2.76 TeV, 220 < NJ;"™ < 260
e o trig
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208504 N g o L3
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Flow in PbPb collisions at LHCb

Projection on A¢
excluding the jet
region (An < 1)

PbPb |[5,,,=5 TeV LHCb

l<p. <2GeV™ 6575% 2<p_ <3GeV 65-75%
Tab AN Tab

C(An, Ag)

I 7584% 2<p_ <3 GeV N\ 75-84%
“Rreliminary
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Fourier fit

0.144

C(Ag)

0.142

0.14}

0.138

0.132

0.13}
0.128}

0.126F.

0.124

LHCB-PAPER-2023-031

RANRAARS RARRS RRLRN RLRLE RARES MR AN AN LARAE AR RARRE LR LA
[ LHCb PbPb |5, =5 TeV- 65-75%, 2.5<p. <3.0 GeV]
[65-75%, 1.0<p, <1.5 GeV [ -V cos(49) '

- o L] | — - V_cos(24¢)
- Data Total fit : ().135_ o V§COS(3A¢) .

0.13

-75-84%, 1.0<p_<1.5 GeV- [ 75-84%,2.5<p_<3.0 GeV]
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Flow in PbPb collisions at LHCb

)

LHCB-PAPER-2023-031

Centrality Class

65-75%

(\] -IIIIIIIIIIIIIIIIIIII--IIIIIIIIIIIIIIIIIIII-
-~ [ LHCb  65-75% i 75-84 %
- PbPb =5TeV + .
02F e 1 Preliminary
. B
T P @ T ——
I P =
_E e —-=— 4 E
_E__ —D—‘EZQ_E:'_—B:E—ES—_ i
0.1, o—f— &
s . LHCb2=n=49p =2GeV [ &
[, o ATLAS60-70%1n1<25 T8
o ATLAS 70-80% 1 n1<25 |
P o AMPT2=7n=<49p =2GeV |’

V] =EPS S S A U = P NI I I B
- P | | | K | | | | K
= 0.1f T

! -D—-E‘Mm 1 o

| ot e I = N

SR " O

: _Hi £ -
0.1} T@T@r [

I I
—0.2:- l .

ol b b b v b b boaa b a 1

60-70%

65-75%

2 4 6 8 10 2 4 6 8 IQ
p. [GeV] p. [GeV]

Samuel Belin samuel.belin@cern.ch

First measurement in the forward region at LHC!

Acceptanc
e

75-84%

70-80% In| < 2.5

75-84% 2<n<49
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Flow in PbPb collisions at LHCb

LHCB-PAPER-2023-031

“ Cleary lower v, for the forward

N LHCh 6575 % i 75-84 % _ recion
O.z;PbP;m@zs fev 1 Preliminary 5
N - + . _i .
el e, [ fevoaee 1+ Plateau for the v; after 2 GeV/c
012 T
R PRI 1 * No significative difference of v
L o ATLAS70-80%1n1<25 o _ . ]
Ob+ ot b fe e for the two centrality bins
> 0.1F 1 '
o S, I oo 1. :
Oﬁfﬁﬂ‘@* [t | * Vzcompatible between ATLAS
%:}i ﬁ;{ﬁ% 1 and LHCb and reach below
I & | zero value at high pr
—0.2F L -
:llllllllllllllllllll||||||||||||||||_T$T|:
2 4 6 8 10 2 4 6 8 10 IMPORTANT INPUT: EOR
Py 10V Py 10V, THE FORWARD REGION
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Flow in small system

ATLAS, PRC 90,044906 (2014)

e v; thought to be present only in large system such as PbPb but seen in
small system as well:

e Style a debate on the origin of
<106y this « ridge like » structure

e QOriginal geometry gives flow
in final stage?

, ® One fluid for all colliding
S system ? (Use of hydrodynamic

\s\y=502TeV, L ~28nb'
1 <p’® <3GeV to describe all system)

C d L LR
e D
g \\ - ;E] 175 “ % . o .
s | A Y/ TORERIN - | & | AR TN ® [nitial correlation
< - g .A.A.“ \\\\ N\ <] 1.7 5 ‘/' \ K 27 ,4“ .
= 095 Q\ X - / ) W :
> N N > 165{ W

e Everything together ?

. . 10 Can we see it in pPb collisions from LHCb
Samuel Belin samuel.belin@cern.ch
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Flow in small system

Physics Letters B762 (2016) 473

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

High activity

« Bvidence of a ridge-like structure 243,00
as well in pPb/Pbp data from Bl
LHCb o

* Visible only in collisions with e
high multiplicity LHCh Phsp 15, =5 Tev

Event class 50-100%

* Ongoing analysis for the charged
hadrons flow in pPb and Pbp at8 %
TeV g

11
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Prospectin LHCDb

+ LHCDb has the power to investigate the flow in
small system thanks to:

# The Fixed Target system (SMOG2)
* The geometry of the detector
# Precision in measuring heavy flavors

# LHCDb can further study flow in AA collisions
thanks to the new freshly recorded PbPb data-
sample

12
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Prospectin LHCDb

+ LHCDb has the power to investigate the flow in
small system thanks to:

* # The Fixed Target system (SMOG2)
* The geometry of the detector
# Precision in measuring heavy flavors

# LHCDb can further study flow in AA collisions
thanks to the new freshly recorded PbPb data-
sample
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LLHCb upgrade run 3

LHCb-TDR-020

SMOG?2 : A dedicated fixed target system to run simultaneously with normal collisions

Length: 20 cm, placed in front of the VELO

FLOATING HALF CELL SUPPORT EEECTRICALCONTINGMY

CONNECTED TO THE RF FOIL BETWEEN CELL AND RE FOIL
FRAME i
~ - l . “’»77—;1‘-';"/2{" . :.'.-

STORAGE CELL
SUSPENSIONS

GAS FEED TUBEIN
THE CELL CENTER

CONICAL TRANSITION

FIXED HALF CELL SUPPORT
FLEXIBLE WAKE FIELD SUPPRESSOR CONNECTED TO THE RF FOIL
FRAME

+ Higher density of the gas (100 times higher
luminosity)

+ Better control of the gas density (better
luminosity determination) SMOG?2 system

+ New gas H», D, O2in addition to all noble

ases
5 14
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LLHCb upgrade run 3

LHCb-FIGURE-2023-008

SMOG?2 : A dedicated fixed target system to run simultaneously with normal collisions

Less than a hour of commissioning data-taking

Candidates/(6.8 MeV/c?)

F - 1 1 3 e u T T 1 F T
. 3 400 -
6000 - LHCb preliminary ] 3 00 - LHCb preliminary - LHCb preliminary
E 2022 E % 350 2022 2022
S000F 5 =113 GeV pAr 1 =300k S =113 GeV p Ar E S =113 GeV pH
N ] [o%e) - C
4000 N = 4200 + 180 E % 250F N, =443 %26 E N, = 67760 + 300
C D°~ - 3 = — s
3000 k 3 S 200F & Data F 4-Dan
C e T ' O : — Fit F —Fit
- D . = = -
2000 fF:tlta *—_ "g 150 - —Jly— uut - — Kyt
e S Uy . 8 1002 /| Kk - Background [ ----Background
1000f ....Backgmuny\ E - 3
0 TR R T S Ly T T S T T 0 A 1 . L A - g riakalelel |
1800 1850 1900 12950 3000 3200 3400 3600 380 260 480 500 520
MK ") [MeV/c?] M(uut) [MeV/c?] M(x*7) [MeV/c?]

VERY HIGEH STATISTIC EOR FLOW IN SMALL SYSTEM

15
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The Ininal Geometry

+ In small systems, the initial geometry of the collision

seems to have an impact on final state correlations a
# The initial geometry can be characterize by the

eccentricities variables:

\/ < rcos(ng) >* + < r'sin(ng) >> =
€, =
<r>
<€2> (83)
0.6
i b
Computed with

MC Glauber .

Samuel Belin samuel.belin@cern.ch

Nat. Phys. 15, 214-220 (2019)
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The Ininal Geometry

+ In small systems, the initial geometry of the collision

Nat. Phys. 15, 214-220 (2019)

seems to have an impact on final state correlations a

0.18

# The initial geometry can be characterize by the 0:08 -
0.14 |

eccentricities variables:

% Dixed target system in LEICDb

" can explore different geometry i
with high statistic as it is
running in parallel to the pp
Computed with data-taking
MC Glauber : | e | ’

Samuel Belin samuel.belin@cern.ch
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Identified Flow

ALI-PREL-503282

+ Mass ordering at low-pr

| |
ALICE Preliminary Improved template fit
02 b—Pb |5, = 5.02 TeV ~

VOA, 0-20% I A
MR m
0.15 | At M u

+ Baryon-meson change of
ordering at intermediate pr

+ Models must combine
Hydrodynamics, quark

v, {2PC, 1.4 < |An]| < 6.8}

coalescence and jet 0.1} \
fragmentation to describe ALICE Hydro-coal-frag ;
data 0.05 [ o)t O
(m]K* K
[+]p(P) Cr(®)
0 | | | |
0 1 2 3 4 5 6

Complementary results could

be provided by LHCD for the BEESEeaiiEs
forward region!
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PLOT FROM FABRIZIO GROSA STOLEN FROM QUARK MATTER 2023

Identified Flow

ALI-PREL-503282

+ Mass ordering

+ Baryon-meson
ordering at inte

+ Models must c«
Hydrodynamic
coalescence anc
fragmentation |
data

A}/DO

ete-

Complementary
be provided by

forward region!

1.4

1.2¢

1.0}

0.8}

VvSnn =5.02 TeV
ALICE p—Pb, —0.96 <y < 0.04

ALICE 30-50% Pb—Pb, |y| < 0.5
LHCb p—Pb, 1.5<y<4.0 il
LHCb 65—90% Pb—Pb, 2.5 <y <4.5

| |
roved template fit

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
pt (GeV/c)
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Heavy Flavor

* Result from CMS shows a compatible flow for
Jly and DO. Cannot be explain by

hydrodynamic.

+ Heavy flavor hadrons may be more sensitive

to possible initial-state gluon saturation effects

+ LHCb is ideal to thanks to its geometry and

precision

. i(lOl3 | —
RS, : % LHCb preliminary 3
E 600 £ * p-Pb, s =8TeV 7
3 °*  ~13nb’ 3
= S00F . . ;
o : -
@4 400 . E
5 . F :
> 300 & ¢ E
&2 = * .
200 - )l . E
100 - s . E
0 M.| . .M

1800 1850 1900

Mass(mtK') MeV/ch) 20

Phys. Lett. B 791 (2019) 172

CMS pPb 8.16TeV
B T T T | | | T T T | T T ]
0 |
: B Prompt J/gp [] KS 185 < N?:Ilne < 250 :
| @ PromptD™ O A i
0.2 O O ® = _
I 5 |
I ~ 0 O ]
>(\J I ] ] I; 0 |
0l _H° e @@ -
- D O + ‘ -
- ® ]
Qo + i |
L |
oo —
C | | | | | | | | | | | | | | B
0 2 4 6 8
p_ (GeV)
Q80000 [~ | | | —
> " LHCb ~+= Data i
) L Vs=13TeV , — Total fit §
E 60000 |- [ Signals -
Q S X T Background .
~
= a -
% 40000 — 0<p . <30GeVic |
i | 20<y<45 i
‘g _ -
S 20000 Collision pp
S T S~— PP ]
0 i Losazaz:’ et L e —
9000 10000 11000

JHEP 07(2018)134

M(u*w) [MeV/c?]



Conclusion

+ First measurement of flow in the forward region at LHC in PbPb
collisions

* Incoming measurement in pPb/Pbp of:
# Charged hadrons flow

+ Heavy flavor flow

+ With the new Run3 data:

+ New PbPb sample with higher centrality reach

+ Many new fixed-target samples to come (geometry, heavy flavor...)

MANY POSSIBILTTIES AT LECb TO SHED LIGHT

ON THE ORIGIN OF FLOW. IN LARGE AND
SIMALL 5YSTEM!
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Elliptic flow

In tion . . - - i it
equations Particle anisotropy in terms of a simple Fourier decomposition

(a) CMS PbPb s, = 2.76 TeV, 220 < NJ,"™ < 260

1< ptT”‘J <3 GeV/c
inf 1<p** <3 GeVic

P %) = (142 ) v,costn(g, —¥))

A

Average particle density
Orientation angle of the reaction difficult to
measure in LHCDb

We consider then the 2 particle correlations
inf
ANV [dp = A(l 2y VnAcos(n(A@))

n=1

NPT

1
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Complexity of a hadronic collision

Effects taken into account by

the collision generator PYTHIA Impor tant to StUdY QCD in

confined and unconfined
medium (QGP)

PVOIATN

* proton-proton and proton-Plomb
[...collisions — confined QCD

(O Hard Interaction
o

Resonance Decays
B MECs, Matching & Merging
W FSR
B |SR*

QED

ek v + Plomb-Plomb collisions — QGP

(O Multiparton Interactions

[0 Beam Remnan ts*

[ Strings i} - . )

Ministrings / Clusters S |
Colour Reconnections { ° °
String Interactions ‘ I H‘ t t t
Bose-Einstein & Fermi-Dirac ! 1S e 1 ea- e e C Or

M Primary Hadrons

M Secondary Hadrons [ ° ( j

W Hadronic Reinteractions for CO I l I I e d Q D

(*:incoming lines are crossed)

proton-proton collision
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LLHCb upgrade run 3

~J New tracking system: [CERN'LHCC'201 2-

| ¢ Silicon upstream detector (UT)
"~ e Scintillating tracking fiber (SciFi)

% New electronics for
| '\\(\'}qlorimeter and muon
\ \  chambers

£
/
/ /

New Pixel VELO|’

ide Viem‘

Magnet & <
Magnet Statighs|  SciFi TORCHZ"Shblai
&Silicon JLRICHZ |

| | Tracker ||
1 \q}r |

Upgrade for pp requirement

lew SMOG2 cell [

\ \ e 40 MHz collision rate

R o2, i * Pile Up factor ~ 5
- LT | |

Full software trigger

* Remove LO triggers.

_ vy e i | * Read out full detector at 40
: MHz.

Phase-II Lkgrade

New RICH optics and photodetectors

Samuel Belin samuel.belin@cern.ch 24

Heavy ion program will profit from this upgrade
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LLHCb upgrade run 3

Improved tracking system pushes further the limitation of the detector

Energy deposit in the calorimeter
T3

10! a + Access to more central collisions
* QGP study possible with run3 data!

* Many new study possible (quarkonia suppression,
low-mass mesons, flow... )

>
()
=,
—
-
~
=
=,
2
3
&3

10

107
107
1076

« Expect higher reach in run 4 and no limitations for run
0 60 5
Energy [TeV]

BRun2 @ * Note there is no limitation for the SMOG?2 system

ENRuN 3 ©!
B Run 4 ©!
I Run 5 @!

0 20
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trality determination using MCGlauber mo

Centrality determination

arXiv:2111.0

1rnN=7

Centrality % Npart +o Ncoll +o bto

100 — 90 2.91 £0.54 183+ 034 1541+£2.96
90 — 80 7.03 £0.78 5. 77+ 0.64 14.56 +1.80
80 — 70 15.92 £ 0.64 16.44+ 0.69 13.59£0.52
70 — 60 31.26 £+ 0.67 4128+ 093 12.61+£0.28
60 — 50 54.65 +1.13 9259+ 201 11.59+0.24
50 — 40 87.54 £1.01 187.54+ 243 10.47=x0.14
40 — 30 131.24 £ 1.15 345.53 %+ 3.89 9.23 £0.08
30 — 20 188.02£1.49 59392+ 6.62 7.80+0.06
20 —-10 261.84 £1.83 97250+ 10.37 6.02+0.04
10-0 357.16 £1.70 1570.26 +15.56 3.31£0.01

LHCb

. 20-30%

10-20%

’71 -3
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P 107
o
2107
84}

0 20 40 60
Energy [TeV]

1

1
3

LA L B S L B R B L B R R
LHCb simulation

20-30% 10-20%

Events [a.u.] /

=
1

=
.‘I"
PERTIT R TTTT B RTTTT B AT BT |

—
<
(=
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0 500 1500 2000 2500
N

coll
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https://arxiv.org/abs/2111.01607

