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The LHCb experiment

* One-arm spectrometer at LHC fully
instrumentedin2 <ny <5

- Tracking system with excellent
momentum resolution

- Excellent hadron and muon ID

- Precise vertex reconstruction, for
primary and secondary vertices

- Calorimeters ECAL, HCAL

- Flexible trigger, down to low pt

LHCb JINST 3 (2008) S08005
LHCb performance IJMPA 30 (2015) 1530022
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https://doi.org/10.1142/S0217751X15300227
https://doi.org/10.1088/1748-0221/3/08/S08005

The LHCb experiment

A unique fixed-target configuration
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e SMOG system: inject gas inside LHC vacuum, measure collisions between beam and
gas nuclei at rest

e Run1&2: noble gas only (He, Ne, Ar)
e +/SnN = 09 to 110 GeV, between SPS & RHIC, around —3.0 < y* < 0.0 in cms

e Luminosity measured with pe elastic scattering events
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LHCb datasets from Run1&Run 2
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The LHCb Upgrade |

P LHCb-TDR-12
Software-only A Upgraded muon
trigger L L Upgraded calo FE electronics,
New tracking FE electronics, remove M1
stations Side View remove SPD/PS X

M4 M5
M3 ,

M2

SciFi ~ RICH2
~ Tracker

: | /IRICHI A =2, ,,i‘ ﬁﬁﬁ ' I\
New pixel Al Ut/ i K A\
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............... =~ = a\s s sNa s s w ohe m B e

New RICH PMTs +
upgraded
electronics

* Major upgrade: replacement of tracking and particle identification detectors
- New tracking system should reconstruct down to ~ 30 % centrality in PbPb

» New SMOG2 system — up to X 100 gas pressure and non-noble gases (H,, O,,D,,...)
* More details about in talk by Benjamin Audurier (LHCb prospects)

Oscar Boente Garcia LHCb overview 02/05/2022




Selection of recent
L HCDb results

(previous LHCb overview in rencontres QGP )
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https://indico.cern.ch/event/887304/contributions/4402308/attachments/2276224/3866863/audurier_lhcb_review.pdf

Coverage in (x, 0?)

e LHCDb has a unique capabilities to study nuclear structure with a wide (x, Q2) coverage

e Access to the saturation and the high-x regions of nuclei

forward
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LHCDb constrains in nPDFs

 LHCb D" production in pPb at 5 TeV: JHEP 10 (2017) 090

e Effect on recent NNNPDF3.0 (arXiv:2201.12363)
e Data also considered in EPPS21
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https://link.springer.com/article/10.1007/JHEP10(2017)090
https://arxiv.org/abs/2201.12363

D" production in pPb

New result:

LHCb-PAPER-2022-007 (in preparation)
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https://doi.org/10.1007/JHEP10(2017)090
https://doi.org/10.1007/JHEP10(2017)090

D" production in pPb

e Forward-to-backward ratio: Rpg(y*,p7) =

d2 O_pr / de dy* LHCb-PAPER-2022-007 (in preparation)

dzO-Pbp /dedy>X<

e Comparison with HELAC-Onia predictions with EPPS16 and nCTEQ15 weighted with

LHC D measurements

e Discrepancy at high pr with reweighted nPDF predictions

- Additional effects beyond nPDF?
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D" production in pPb

5 LHCb-PAPER-2022-007 (in preparation)
1 d”o,pp/dprdy*

* Nuclear modification factor: R p, = > "
A d O'pp/dedy

« Reference pp cross-section obtained from interpolation of pp results at /s = 5 and 13 TeV

e Discrepancy with nPDF predictions in the backward region at high pt

y* integrated in y* intervals
< > < >
%2F 4LHCbS.16Tev T rEPPSIG+D* O F ¥ ¢ %
#LHCb 5 TeV [MnCTEQ15 + D°
L5F [1CGC1 [JCGC2

LI G Wmmmmn WMMMMI Mu{um||||||||||||||||||||1
-+ .

0.5
25<y*<40 20<y*<2.5 25<y*<30 30<y*<35 35<y*<40
i;z i B e e e e e S e e T I B e e
1.5F -
— Ty, T
15& 1 unm_.__l ~ ﬁ"__ml_u@_wwwm”mum-—;—__f_m ;ﬁ_u]ll_l__ ulll_lll_llll_lll__".”__'ﬁ_'."_'_'_lw_'" _—._rmm_lIllll”'”""""!"""—m LG __‘_mmm-lﬂ_mﬁﬂ_l__ s HHTTTTINT
05F —40<y*<-25 T 30< yF< =25 -35<y*<-30 -40<y*<-35 -45<y*¥<-40
0 5 00 5 00 5 100 5 oo s 0
P, [GeV/c] P, [GeV/c] P, [GeV/c] P, [GeV/c] P, [GeV/c]

Oscar Boente Garcia LHCb overview 02/05/2022 11




Charged hadron production in pPb and pp TRC

Phys. Rev. Lett. 128, 142004

« Measurement of differential cross-sections and Rppb d’c 1 N, pr)

* (Constrains to MC generators dprdn

 Test models of cold nuclear matter effects: nPDFs,

pPb, pp

T2 ApiAy
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Charged hadron production in R ) dependence

pr ( exp® Xexp

Phys. Rev. Lett. 128, 142004

. L8} LHCD 1 Prompt charged 7 EPPS16+DDS
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~ 12} ] N pQCD+MS

downto ~ 0.3 at low py

Forward

* Enhancement at backward for RS
02t 0<n<2.5 | . : : : . : : .
pT > 1,5 GeV/C e

1.8
© o
v A~ 16
- Not reproduced by EPPS16 g S s sy #hbg o
prediction g %////M/ bt -,///////Z%V -'.% __ "N / /}/};%
. ® oo}’ % M v' v w‘
- m 4
Clear pSGUdorapldlty dependence 8:; -3.0<n<-2.5 -3.5<n<-3.0 -4.0<n<-3.5 -4.5<n<-4.0 -4.8<n<-4.5
MPPE PR P PR PR PR E FERE FRERE PR PR P e e P P PET P P FEed bl PEe PERS PERE PR N
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
p.. [GeV/c] p.. [GeV/c] p.. [GeV/c] p.. [GeV/c] p.. [GeV/c]
T T T T T
9 ’ _ Qexp _n _itggj Ssorea0 e, s0mask
ap=m-+pp and X, = e g L] e tmess oo LHC
SNN o 12f] e e i 2t oo s i
0.85‘ H,ngm L
- Continuous evolution of R p;, with X, , at 06F a
8:‘2‘ 0.75<Q7 <0.85 GeV?/c? 3<Q7 <4 GeVY/c?
different Qexp, compatible with CMS and PPl St Rt Bt Rt Bt B
% 1ab e
SE— R T S— g
0.8fF i ®
* Next step: ok 2
02k 7<Q§Xp<10 GeV?/ ¢? 45<Q§Xp<50 GeV7/c?
L] L] u 0: —_ — . — | - - — -
- Measure identified (71', K,p) spectra 10 107 107 107 107 10x1 107 107 107 107 10;
exp exp

Oscar Boente Garcia LHCb overview 02/05/2022 13



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Neutral pion production in pPb and pp TaES

arXiv:2204.10608

- New measurement of 7" production cross-section:

- Disentangle effects from different hadrons — understand enhancement in backward
- Input to fragmentation functions (hadronization)
- Additional constrains to nPDFs and test of saturation effects

- Input needed for direct photon production measurement
Kinematic coverage:

* Datasets: 1.5 < pr < 10.0GeV/c
- pPb and Pbp data at 8.16 TeV 25 <nepm <35

- pp reference interpolated with 5 and 13 TeV datasets

* Detection technique fully independent from charged
particle analysis:

cnv
fy

- Measure 7 — ycVycdl

* use 7° — y“@ycdl a5 cross-check and Y

efficiency calibration
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https://arxiv.org/abs/2204.10608

— ¢ anti-shadowin
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e e/

e Strong suppression of 70 production

- K,py, compatible with charged hadron
result
- similar shadowing/saturation effects
affecting all hadrons
* In agreement with nPDFs (reweighted with

LHCb DY data)  JHEP 05 (2020) 037

JHEP 1710 (2017) 090

e CGC LO prediction underestimates 70
suppression PR D88, 114020
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.114020
https://link.springer.com/article/10.1007/JHEP05(2020)037
https://link.springer.com/article/10.1007/JHEP10(2017)090
https://arxiv.org/abs/2204.10608

Neutral pion R p,: backward region
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.082302
https://arxiv.org/abs/2204.10608
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Measurement of Z boson associated with
charm jet

o(Zc) —

o (Z] ) — Events with Z boson
+ any jet

Events with Z boson

c + charm jet

i =

Data of pp collisions, \/E = 13TeV, 6 fb~!

o(Zc) measured by tagging secondary
vertices

Sensitivity to intrinsic charm at forward
rapidity

Result favours PDF prediction including
intrinsic charm

Phys.Rev.Lett. 128 (2022) 8, 082001
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https://doi.org/10.1103/PhysRevLett.128.082001

Z" boson production in pp and pPb

arXiv:2112.07458
. = I A B L B I LA AL B IR
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https://arxiv.org/abs/2112.07458

Production of y.;(3872) in pPb

 Nature of y.,(3872) not clear (tetraquark,

LHCb-CONF-2022-001

TSR, < 25000 LHCb _ -1
molecule, combination?) E - Preliminary $ pp Vs=8TeV,2fb E
. . = 20000 = — Total fit — Back d =
- Study production with respect to the QCD 3 R
medium S W(2S) L%, 0872) E
=) — -
. S 10000 - ==
- Non conventional hadrons — new probes of - -
hadronization mechanisms 5000 =
= 400 I
Compact Hadioiie Moléeiil %
tetraquark/pentaquark aPLl;?;olgw (z(c)mf:)cu ° E 350 # A % g
. . PRD 77 014029 (2008) E/ 300 * )
Diquark-diquark PRD 100 0115029(R) (2019) I3 b
PRD 71, 014028 (2005) S 250 ¢
PLB 662 424 (2008) 3 )
=
S 2 v
=\ Hadrocharmonium/ 150 = $ PPb sy =8.16 TeV, 12.5nb”
adrocharmoniu =
e & adjoint charmonium 100
PLB 666 344 (2008) 50 &
PLB 671 82 (2009) @”’i:m;
; o t ' } t t t t | t t i } :
2 450 * a
> e 2
E 400 * & *
N 350
« Measure ratio of prompt y,.(3872), y(2S)with I ‘ b 2 :
3 _ LY
11(3872),w(28) - Jlyrn*n~ § 200 i
150 $ Pbp \syn =8.16 TeV, 19.3 nb!
100 fi‘
« Usefull \/syy = 8.16 TeV dataset 30 | A
0 3800 3900

My zn [MeV/c?]

Oscar Boente Garcia LHCb overview 02/05/2022 19



https://cds.cern.ch/record/2807146

Production of y.;(3872) in pPb

Increase of the y,.{(3872)/y(2S) ratio with system

LHCb-CONF-2022-001

CMS
: p.>15GeV/c-
u LHCb ?
- Preliminary

p.> 5 GeV/c
i O
i o
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X
Phys. Rev. Lett. 126 (2021) 092001 PN
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https://cds.cern.ch/record/2807146
https://doi.org/10.1103/PhysRevLett.126.092001

BY/BY ratio with event multiplicity in pp

arXiv:2204.13042

* Event multiplicity-dependent measurement tests dense medium effects

. BS/BO could be modified due to b-hadronization via quark coalescence

e Study of G(BO)S/G(BO) ratio with Bg) — Jlwatn~, using pp collisions, 5.4 tb~!

NYELO - tracksin —=3.5 <y < —15and2<n <5

T : tracks
* Use two multiplicity metrics:
Ngggllgvard: tracksin —3.5 <n < —1.5
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https://arxiv.org/abs/2204.13042

e Result in several py bins:

arXiv:2204.13042

- Increase of BSO/B0 with multiplicity at low p (slope significance = 3.4 sigma)

- modification occurs at low p, where most of the bulk particles are produced

- high pr and low-multiplicity consistent with ete result
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https://arxiv.org/abs/2204.13042

arXiv:2204.13042

e Comparison between different multiplicity metrics

Nbackward

 No significant enhancement is observed for /V_ ¢

- Indication that mechanism behind enhancement is related with multiplicity in
similar rapidity as B meson
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https://arxiv.org/abs/2204.13042

Detached antiproton production in pHe THES

Phys.Rev.Res. 2 (2020) 2, 023022

e LHCb measured p production in pHe at % 101l (a) N —
+/syy = 110GeV (PRL 121 (2018) 222001) =
Tw 10
- Study of AMS excess of p ~
=
- Predictions rely on cross-sections of prompt and T o107t
_ = 4 AMS-02 (o)
detaChed p <T —— Baseline prediction
8@ 1072 I Total uncertainties
* Measure now antiprotons from detached sources - : 00 100 [
(hyperon decays) R [GV]

e Two approaches:
Inclusive approach, measure full

: N . ot
Exclusive approach, measure A — px detached contribution
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https://doi.org/10.1103/PhysRevLett.121.222001
https://arxiv.org/pdf/1906.07119.pdf

Detached antiproton production in pHe TACH

Excluswe approach LHCb-PAPER-2022-006 (in preparation) Incluswe approach

< T

5 I S ]
0.6 = LHCb prellmlnary —+ Data H4 & 07 :—LHIng)rellmlnl'\(ar v —— Data >
ST . - € YSyn = € —— EPOS199 -
05 : pHe \sy =110 GeV EPOS199 3 0.6 : 4 NN FPOSLHC
E0.55 < pp < 1.2GeV/c ===EPOS-LHC 3 05F 0.4 < pp <4GeV/c —— HUINGI38 3
0.4 H- —e— HIJING138 — ST —— PYTHIA =
2 1 0.4 QGSJETI04  —
E S —— PYTHIA = '-I-'—I—'—i—: }— .
03 +‘—+—' N — - L s } =
n =y . t 1 1 0.3 E e it B
02 B e R e e e
= o(pHe — AX — prtX) 1 0.1 E R= = o(pHe — HX — pX)
0.1 [~ Br= ] - H H X
: 1= T G (He S PprompX) ] oF | o oHe = PrrompX)
O 20 30 40 50 60 70 80 90100
p momentum [GeV/c] p momentum [GeV/c]
Ratio exclusive/inclusive
- . k 1 6F ' ' ' | ' ' ' | ' ]
. Seneerrglrt]og(s)rlla;%ilgounnderest|mate anti $|< = LHCb preliminary Data E
yP & 4F pHe sy = 110 GeV E
L . 12F —— EPOS-LHC
e Dependency with p kinematics not - ]
predicted by models e E
| | 0.8 :— E 3 3 —
 Ratio R;/Rz well described by generators 0.6 - =
045 12 < pp < 50.5GeV/e E
02 F -
[ | | ! ! ! | ! ! ! ]
" 06 0.8 1 1.2

p transverse momentum [GeV/c]

Oscar Boente Garcia LHCb overview 02/05/2022 2




Charm in fixed-target mode

1.8

e New results of charm production in pNe and PbNe:

- J/yand y(2S) production in pNe at
/Snn = 68.5 GeV (LHCb-PAPER-2022-014)

- J/y and D" production in PbNe at
/Snn = 68.5 GeV (LHCb-PAPER-2022-011)

* See talk by Elisabeth Niel about charm in fixed target
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Results in PbPb collisions

arXiv:2111.01607

. . n | | 1 T T T E|
e New results in PbPb collisions: > | 'LHCb 5
= 10! -
- Centrality determination in PbPb and PbNe =
- 1072 E
- J/y photo-production in peripheral collisions = :
(Phys. Rev. C 105, L032201) = E
L . . = 10 -
- AC/DO ratio in peripheral collisions = E
2107 -
> E
e See talk by Samuel Belin = " ;
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https://doi.org/10.1103/PhysRevC.105.L032201
https://arxiv.org/abs/2111.01607

e LHCDb has unique capabilities for measurements in QCD & Heavy lon physics

e Very interesting new measurements were presented (incomplete list!)

Charged hadrons and ﬂoproduction in pPb and pp collisions

New D" production measurement in pPb at 8TeV

Z boson production with charm jets and Z boson cross-sections in pp and pPb collisions

Production of y.,(3872) and w(2S) in pPb collisions

- BS/BO ratio with respect multiplicity in pp collisions
- antiproton production from hyperons in pHe collisions
e Additional constrains to nPDFs and some tensions with predictions

e Better performance and larger datasets expected for Run 3

o Elisabeth Niel (Charm in fixed target)

e Other LHCb-related e Samuel Belin (Charm production in PbPb collisions)

talks:
e Benjamin Audurier (Physics prospects & detector improvements)

Oscar Boente Garcia LHCb overview 02/05/2022

28



Backup




Heavy-ion and QCD physics at LHCb THcC

Some of the LHCb strong points:

» Unique coverage in (x, Q°)

- constrains to nPDFs

Precision and unique heavy-flavour measurements down to low py

- clean separation of prompt-nonprompt, angular measurements

e Study of the saturation region

- full capabilities in the very low-x region at forward region (charged hadrons, photon
and neutral hadron reconstruction with very low p coverage)

e Spectroscopy and exotic hadrons

e UPC and CEP measurements

- excellent p resolution
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