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The LHCDb detector

LHCD : single arm spectrometer fully
instrumented in pseudo-rapidity range 2 <n <5
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* Track reconstruction down to pr= 0.
+ BExcellent pr and mass resolution.
+ Excellent particle identification.

+ Precision vertex reconstruction.


http://dx.doi.org/10.1142/S0217751X15300227

The LH Cb detector 10.1142/S0217751X15300227

Can operate both in pp/pPb/PbPb and fixed-target !
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Fixed-target mode: unique at LHC!

= * Injecting gas in the LHCb VErtex
. % I 5 2 LOcator (VELO) tank.
* N * Noble gas only : He, Ne, Ar
T =1 * Gas pressure : 107 to 10-¢ mbar



http://dx.doi.org/10.1142/S0217751X15300227

LHCD : general purpose detector for heavy-ions



LHCD : general purpose detector for heavy-ions

Hadronic and QGP physics
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LHCD : general purpose detector for heavy-ions

Hadronic and QGP physics

e Collider mode:
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LHCD : general purpose detector for heavy-ions

Hadronic and QGP physics

e Collider mode:
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LHCD : general purpose detector for heavy-ions

Hadronic and QGP physics - LIPC physics

e Collider mode:

! - 8.16 TeV pPb Other Collision Systems e Detector is well suited to
o/ I LHCD ' LHCb 110 GeV train (n)PDE —
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 Fixed-target program :
* (n)PDFs studies.

Gluon saturated region e Test cosmic thSiCS in
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* prresolution : key to ultra-
peripheral PbPb collisions.

» UPC physics can be extended to
pA and fixed-target.
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https://cds.cern.ch/record/2320135

LHCD : general purpose detector for heavy-ions

Hadronic and QGP physics

UPC physics

e Collider mode:
 Detector is well suited to
constrain (n)PDFs.

 New PbPb dataset .
reaching 60% in centrality. :

—e— data
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 Fixed-target program :
* (n)PDFs studies.
* Test cosmic physics in

* prresolution : key to ultra-
peripheral PbPb collisions.
» UPC physics can be extended to

(He,Ne, Ar...)
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Large phase space coverage

10° laboratory. pA and fixed-target.

Large and expanding physics program !
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* Two new samples : PbNe at Vsnn = 68.6 GeV and PbPb at vsnn = 5.02 TeV



Results from the LHCD lon-Fixed-Target group

| Observation of multiplicity-dependent prompt y.1(3872) and w(2S) production in pp collisions PAPER-2020-023 Phys. Rev. Lett. 126 (2021) 092001 14 Sep 2020 I

arXiv:2009.06619 [PDF]

PAPER-2018-048
arXiv:1902.05599 [PDF]

Phys. Rev. D99 052011 (2019) 14 Feb 2019

Measurement of B+, B” and A production in pPb collisions at ,/Syy = 8.16 TeV

PAPER-2018-035
arXiv:1810.07655 [PDF]

Study of Y production in pPb collisions at ,/syy = 8.16 TeV JHEP 11 (2018) 194 17 Oct 2018

[ will focus on these results,
and others even more recent...

Measurement of antiproton production in pHe collisions at \/syy = 110 GeV PAPER-2018-031 Phys. Rev. Lett. 121 (2018) 222001 18 Aug 2018
arXiv:1808.06127 [PDF]

Prompt and nonprompt J/y production and nuclear modification in pPb collisions at \/sN\N = 8.16 PAPER-2017-014 Phys. Lett. B774 (2017) 159 21 Jun 2017
TeV arXiv:1706.07122 [PDF]

Measurements of long-range near-side angular correlations in /sN\N = S5TeV proton-lead collisions PAPER-2015-040 Phys. Lett. B762 (2016) 473 01 Dec 2015
in the forward region arXiv:1512.00439 [PDF]

Study of Y production and cold nuclear matter effects in pPb collisions at ,/syy = 5TeV PAPER-2014-015 JHEP 07 (2014) 094 20 May 2014
arXiv:1405.5152 [PDF]

List of published papers available here


https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_IFT.html

Selected recent results



Double charm production in pPb

A SPS gi\ DPS

J. Gaunt, Quarkonia as Tools 2020 workshop
* Why Double Parton Scattering (DPS) ?

= To study the underlying event.

= To access Double Transverse Momentum Dependent
Parton distributions (JHEP 1203 (2012) 089).

m)

“ DPS cross-section parametrisation, assuming two
independent hard collisions :

Related to the geometry of the collision and independent of the final state (?) 9



Double charm production in pPb

D.D’Enterria, Quarkonia as Tools 2020 workshop

A SPS DPS = 30 Ty Ty frpgagm— & * (J-q,8 process
o L ——+—— UA2 (4 jets - lower limit) T 3 _
& 25 [ CDF(4jets) : I * g-g process
13 . —a— CDF (y+ 3 jets) t1 smaller DPS
b —a— DO (y + 3 jets) : -
ﬁB 80 [ s ATLAS (W + 2 jets) 2 contribution
B : :

f —o— CMS (W + 2 jets)
L —=— DO (Jy+J/y)
15 F —e— DO (Jiy+Y)

J. Gaunt, Quarkonia as Tools 2020 workshop - —e— CMS (Jiy+Jy, Lansberg-Shao) :
s LHCb (D+Y) :
, 3 11 DPS
* Why Double Parton Scattering (DPS) ? L ] e aiad el
. 5 |
= To study the underlying event. * l
= To access Double Transverse Momentum Dependent 0.01 0.1 Vs [TeV] 10

Parton distributions (JHEP 1203 (2012) 089).
« oeff final state dependant ? (mind the large uncertainties).

“ DPS cross-section parametrisation, assuming two 2 IS oot interpretation correct ?
independent hard collisions :
A B + oeff can also be measured in pA collisions and compared
O-eff AB o . . . .
ObPs N to pp collisions with simple scaling (arXiv:1708.07519).

Related to the geometry of the collision and independent of the final state (?) 9



Double charm production in pPb

* LHCb has measured prompt double open-charm / open-charm
production in pPb@8.16TeV.

= Combined pairs from the same event and corrected from

acceptance/ efficiency.
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Double charm production in pPb

PHYS. REV. LETT. 125 (2020) 212001
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* LHCb has measured prompt double open-charm / open-charm
production in pPb@8.16TeV.
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= Combined pairs from the same event and corrected from

Candidates / [4 MeV/c?]
S S

acceptance/ efficiency.

_.-_..J : = - A
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(5= 8.16 TeV _ “ oeff,pPb/Pbp = 0.9 b : DPS/SPS enhanced by a factor of 3 compared to pp in
— agreement with the theory model.
Spra | | N /X\\\\\é e # Goft,pPb/Pbp(] / W-DO) < Geft ppb/Php(DO-DO) @ similar to pp case.
SOOI OO OOOOESESEROPSSECO0E

= Can be due to DPS enhancement / SPS contamination.

< d'Enterria et al.

00
+DD o % Oeff,pPb = Oeff,Pbp
< JIyD
|  * Indication of enhanced DPS for charm production in Pbp compare to )

_pPb.
e - _ -

—




X(3872)/(2S) in pp/PbPb collisions

« X(3872) : exotic state still not understood.

= Tetraquark / hadronic molecule / something else ?

PRL 126 (2021) 092001
* Production yield in QCD medium strongly reflects €, 10000E + LHCb Preliminary
. > - \s =8 TeV
internal structure. > 90001 ! P #
- >
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Benjamin Audurier - benjamin.audurier@cern.ch 11
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X(3872)/1(2S) in pp PbPb collisions

+ X(3872) /¢(2S) ratio versus Niracks measured

n pPp collisions at Vs = 8 TeV. PRL 126 (2021) 092001

. . A o e . T 014 ' LHCb ! G T —

= No significant variation is observed for I CE pcare f 0 +Pomp b decays E

the nOn-p ro mpt Comp Onent § §. E Pp>3 Comover Interaction Model, Esposito et al. E

T ? 0.1 " ‘( Ma(l)lecule ) Compaclt( i (Molecule) —

. . . . N 1 = coalescence tetraquar #+ (geometric) -

= Hint of a relative suppression with event &g °®F ,-, e

. S uel e E

activity for prompt component. ol % :

S| 004f- | ‘#‘ —

« pp results favour tetraquark nature of the N 00z I E
)(61(3872) O 50 100 150 200

NVELO

tracks

+ Baseline for a future pPb analysis !

Benjamin Audurier - benjamin.audurier@cern.ch 12
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Y./ x.; production in pPb

Phys. Rev. C 103, 064905

# y.is a charmonium -> same physics motivation as for others cc states.
« In addition, feed-down from y, represents ~30% of the prompt J/y production.

« Experimentally, y. measurement is challenging (y. — J/y( = u"u~) + )

;.: - 4 Data LHCDb ;: -+ Data LHCb
% 50'_ — Total fit pr ‘f_SNN =816 TeV % 300:_ — Total fit pr \/.SNN = 8.16 TeV
s [ ---Background >~ - ----Background Calorimetric photons
[ l Converted photons " o l 15 < v¥ <40
o I X SIgna . n 250F L Xc Slgna . y :
z | F-ul £ 200F ' <4 -l
L 30_ > N 3
> T M i
20 it l t T E e
: ‘H I ,{: 100E P fod ¥
10f- | {T ﬂ it I s0L4 &
ot S - ' AN N
?OO 300 400 500 600 700 800 50 300 350 400 450 500 550 600 650
AM [MeV/c?] AM [MeV/c?]

Benjamin Audurier - benjamin.audurier@cern.ch 13
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Y./ x.; production in pPb

+ First y. measurements in heavy-ion data at
the LHC.

* ¥.ly.; compatible with unity both in pPb and
Pb collisions with large statistical
uncertainties.

* pPb results compatible with pp@7TeV results.

Benjamin Audurier - benjamin.audurier@cern.ch 14
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Phys. Rev. C 103, 064905

——4— Converted LHCb B
- —4— Calorimetric PPb \syy =8.16 TeV _
b pp Vs=7TeV ]
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Prompt Charged Particle Producuon In pr

..06 -fl ||—
& 14 EPJC 77 (2017)163
° . . o o 8 2 / \\\\ --:
* Prompt charged particle production in pA collisions: £ 1 s T ,x‘\\ i
I 08 F T Ml

= Strong constrain to the nuclear PDFs. & 06 L . \
) 8-‘2‘ - == rppsi6 YN
. . o, = Y. — N HA
= Prob the saturation region ? 8 00 Ll el DCAEQL A

10™ 107 10~ 10"
X

« LHCb acceptance allow to access:

= The low Bjorken-x region in pPb collisions

(x € [107°,107)).

= The large Bjorken-x region in Pbp collisions

(x € [1073,1071]).

Benjamin Audurier - benjamin.audurier@cern.ch 15



mailto:benjamin.audurier@cern.ch

Prompt Charged Particle Producuon In pr
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* Prompt charged particle production in pA collisions:
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10%
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Benjamin Audurier - benjamin.audurier@cern.ch 15 z
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Prompt Charged Particle Production in pPb

LHCb-PAPER-2021-015
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* Prompt charged particle
measured with the tracking

T
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5 =302 TeV
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Benjamin Audurier - benjamin.audurier@cern.ch 16
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Prompt Charged Particle Production in pPb

* Nuclear modification factor
compared to several theory
predictions

EPPS16+DDS JHEP09(2014) 138
CGC PR D88, 114020

pQCD+MS PR D88(2013)
054010, PL B740(2015) 23

* No models can reproduce the
backward rapidity results.

Benjamin Audurier - benjamin.audurier@cern.ch

LHCb-PAPER-2021-015
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Prompt Charged Particles Production in pPb

LHCb-PAPER-2021-015

—4— LHCb, 20<n<25 —#— LHCb, -3.0<n<-2.5
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Benjamin Audurier - benjamin.audurier@cern.ch 18
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(Quarkonia in AA collisions : photo-production with nuclear overlap

Peripheral collision
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(Quarkonia in AA collisions : photo-production with nuclear overlap

Peripheral collision

=
A

Q
//,.-

“ Very-low prexcess measured by ALICE at LHC

= Mostly likely photo-production.
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(Quarkonia in AA collisions : photo-production with nuclear overlap

Peripheral collision

\, ’ * Very-low prexcess measured by ALICE at LHC
]
OZ = Mostly likely photo-production.

* Prob for the photon flux and the geometry of the collisions

Phys. Rev. Lett. 123, 132302
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S 0E N B 500f - comocmmmnrinmy 0 (o =S02TEV o e 199 eV -
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é 10 / T s W = 0.0 2 E ------ GBW (M.B. Gay-Ducati, arXiv:1804.09836) _: E E
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FIG. 1: The b-dependence photon flux distribution for the
different form factors of the lead nuclei. 19



(Quarkonia in AA collisions : photo-production with nuclear overlap

Peripheral collision

IOOIII'E'E':'.""""'
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Phys. Rev. D 96, 056014 (2017)
FIG. 1: The b-dependence photon flux distribution for the

different form factors of the lead nuclei.

“ Very-low prexcess measured by ALICE at LHC

= Mostly likely photo-production.

* Prob for the photon flux and the geometry of the collisions

* Open-question : Could it be usetul for QGP studies ?
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* In peripheral PbPb collisions, several contributions to the signal.
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+ Latest results show no significant centrality dependence.
+ Two assumptions:
= No effect of the overlap between the nuclei (UPC-like)
= Effect of the overlap

+ Shape compatible with model predictions, but the scale is different.
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Conclusions

* LHCDb physics program is constantly expanding with new measurements.

- First y. measurements in heavy-ion data at the LHC.
= prompt charged particles at forward and backward rapidity.
= Photo-produced J/y in peripheral PbPb collisions.

= ... and many more to come !

* LHCDb’s future is bright

= New detector with new tracking/PID system driven by pp physics.
= Improved fixed-target program with SMOG 2.
= Better performances expected for Run 3 in high-multiplicity collisions.

+ QOther LHCD related talks during QGP France 2021:

= Heavy flavour production in fixed target at LHCDb - Felipe Garcia - Tue. at 11 am.

= Prospectives LHCb U2 - Michael Winn - Wed. at 6 pm

= Prospectives LHCb calorimétrie - Patrick Robbe - Wed. at 6:30 pm

= Prospectives LHCD tracking - Stefano Panebianco - Wed. at 6:50 pm
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