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Designed for b-physics, becoming a General Purpose Detector
Forward and backward coverage for asymmetric beams
Precision in the forward region not achievable by others yet

[ JINST 3 (2008) SO8005 ]

RICH detectors
[ JIMPA 30 (2015) 1530022 ]

K/mt/p separation
e(K—K) ~ 95 %,

Vertex Detector(VELO)
reconstruct vertices

decay time resolution: 45 fs
IP resolution: 20 um

Dipole Magnet
bending power: 4 Tm

Track reconstruction down to pr =0

mis-ID g(T—K) ~

5 %

Muon system

W identification g(u>p) ~ 97 %,

HERSCHEL @+ 114 m IP

mis-ID g(m>u) ~1-3%

R"

/

’ T —

Tracking system
momentum resolution
Ap/p = 0.4%—0.8%
(5 GeV/c— 100 GeV/c)

10-300mrad

~12 m

:

Calorimeters
energy measurement

e/y identification
AE/E=1% 10 %/VE (GeV)
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Designed for b-physics, becoming a General Purpose Detector
Forward and backward coverage for asymmetric beams
Precision in the forward region not achievable by others yet

[JINST 3 (2008) S08005 ] RICH detectors Muon system HERSCHEL @+ 114 m IP
[ JIMPA 30 (2015) 1530022 ] K/T[/p separation W identification g(u>p) ~ 97 %,

mis-1D g(m>u) ~ 1-3 %

- Ready ’ro s’rcmL in 2022 with a
ey brand new de‘rec’ror'

IP resolution:

0 Lm

~12 m

:

Tracking system Calorimeters
DiPOIe Magnet momentum resolution €nergy measurement

bending power: 4 Tm Ap/p = 0.4%—0.8% e/y identification
Track reconstruction down to pr =0 (5 GeV/c— 100 GeV/c) AE/E=1% @10 %/VE (GeV)
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LHC and LHCb gk erc

collider 2010-18@./s = 2.76, 5, 7, 8§, 13
TeV, L = 9 fb-!

In 2013 & 2016 collected data @
Vsyn=5 and 8.16 TeV, L=1.6 & 34 nb-!
10° minimum bias collisions, =IM J/y’s

collisions @ /s=5TeV, L = 10 ub-!
successfully collected at LHCb for the first
time in 2015; already 20x in 2018 (!)

collisions @+/s=5.4 TeV, L=0.4 ub-!

LHCb also able to collect data in “fixed
target” mode ( )
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http://dx.doi.org/10.1088/1748-0221/7/01/P01010

Fixed Target Physics with LHCb

SMOG : System for Measuring the Overlap with Gas

“pump” valve  Flow to VELO  Pirani gauge

injection of noble gas (He, Ne, Ar)
into interaction region

very simple robust system

used for a precise luminosity

“fiI1” valve determination
PV501

Evacuate and
leak detector

High pressure
Piezo gauge

High pressure

“bypass” valve
yp volume

PV502
e

“HP” valve

To high pressure

p~10_7/10_6mbar Neon bottle

SMOG used for fixed target physics:

» precise vertexing allows to separate beam-beam and beam-gas contributions

» strong acceptance effects as a function of the z position

» energy densities are achieved which are between those probed at the SPS and RHIC
=> The gap between the SPS and LHC can be bridged by a single experiment



Phase Space Coverage and Running Modes

existing/future

. Epeam(P) pp p-GAS p-Pb/Pb-p Pb-GAS  Pb-Pb
10 g
3 o 1 | 450 Gev | 0.90 TeV
l:'_l]_ k /]
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-GMOG
10¢L Pb-GAS 7 ; p/Pb-GAS operation so far:
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ol n({Sm\ PH-SMOE y=+|f‘lﬁ'§fmp} a Collisions Vs (GeV) # p on target
\ / ] 84 h 4.6x1022 2016
Lo bl Al 110 18 h 3x1021 2016

y*: rapidity in nucleon-nucleon centre-of-
mass system, with forward direction
(positive values) in direction of the

proton/beam
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Fixed target beyond 2022

New project SMOG2 up and running !

Projection of ~1 year data taking in parallel mode

Int. Lumi.

Sys.error of J/¥ xsection

JIY

D"
A

\ll"
Y(1S)
DY u*u~

yield
yield
yield
yield
yield
yield

SMOG2 (TDR) is a standalone gas
storage cell covering z ~-500—300
mm

Up to X100 higher gas density with
same gas flow of SMOG1

Precise measurement of the gas
pressure => luminosity

Possibility to run in parallel with pp

cllisions, and inject not only noble
gases



Overview of LHCb Results

LHCD

m The LHCb Public results [herel

Publications of the Ions and Fixed Target Working Group
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Study of coherent J/ys production in lead-lead collisions at /SNy = 5 TeV
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pp collisions
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Measurement of B, B and A‘,-,’ production in pPb collisions at
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First Measurement of Charm Production in its Fixed-Target Configuration at the
LHC
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P-wave charmonium state

| %2/ %y Production in pPb

Xc

Difficult analysis for photon reconstruction
2 approaches, using calorimeter and conversions
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First y.-measurement in
heavy-ion data at the
LHC

Measured the
production ratio of the
two states, consistent
with one and with pp
measurement

Statistics not great
Remember in pp...

3 65 (a) *LHCb 36 pb
F LHCb OCDF 18 pb
\s=7TeV

Ley (2102) 8129 197 "sAyd

=2’ 3
o
-
o~
§J
©

5| %2l %1 Production in pPb

ro
]

1 ] Ll L] L] ] 1 1
- T
—+— Converted

| —4— Calorimetric

pp Vs=7TeV

B |

Ll L 1] I 1 L} T ] 1] 1}
LHCb o
pPb \syx =8.16 TeV |



https://doi.org/10.1016/j.physletb.2012.10.068

LHCb-PAPER-2017-014

J/¥ in pPb collisions@8.16 TeV P18 774 (2017) 159

First analysis of run2 pPb sample !

Double differential in y and p+

Prompt and non-prompt J/y separated through pseudoproper time distribution
Measured: differential cross sections & nuclear modification factors

s 1,79 T T T] — 25 1 —— — .
[ 4 pPb, Pbp LHCb ] t 4 pPb, Pbp LHCb
ol 1.5 4 pp rescaled e [ - pp rescaled e = 8.16TeV 1 ol ® ALICE inclusive J/y

F prompt J/y kL ] L 0 LHCb prompt J/iw (PLB 774 (2017) 159 )

) g UL p-Pb Sy, = 8.16 TeV

VNN = 8.16TeV |

J/y -from-b-hadrons

EPSO09NLO + CEM (R. Vogt)
nCTEQ15 (J. Lansberg et al.)
EPPS16 (J. Lansberg et al.)
CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)
Energy loss (F. Arleo et al.)
= Transport (P. Zhuang et al.)
Comovers (E. Ferreiro)
I i Loy

gt
+

ol

0

Results compared with pp

results properly scaled " [ 1 FONLL with EPSO9NLO ] " | 0 FONLL with EPS09NLO
| ¢ LHCb(8.16TeV) il . 4 LHCb(8.16TeV)

J/y -from-b-hadrons, pPb ] L J/y -from-b-hadrons, Pbp ]
15<y <40 | [ 5.0« ]

P N L
10 : 10
pr(GeV/c] pr[GeV/e]



http://arxiv.org/abs/1706.07122

LHCb-PAPER-2018-035

Double Ratios & open/hidden beauty

rms)yras)y R(T(nS))ppbipbp

5
R (oPb|Pbp) /pp = R(Y(nS)) B e e e S
i = 518F LHCh +pPo,Pop 3 §§1.8;—LHCb +pPv.Pp -
321.6— pT<25 GeV/e [ comovers = gglﬁ‘ PT<25 GeV/e [ | comovers 6
= S14F 1 = s14fF 3
& 12F 3 o :

Double ratio of
Y(2S) and Y(3S)
over Y(1S)

Consistent with the 0225
comovers model :
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LHCb-PAPER-2018-048
Beauty Nuclear . ;oo
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Baryon to meson ratio

Ratios A./D° in pPb collisions at 8.16 TeV
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JHEP 02 (2019) 102

Charm mesons and baryon measured in
pPb/Pbp collisions at vVsnn = 8 TeV.

No strong dependance of the relative
Ac+/DOratio is observed versus pr and
rapidity.

in pPb.

Good description of the nuclear
modification factors and forward-to-
backward ratios with various nPDFs sets.

within large model uncertainties ...

Tensions between models and data at
higher prin pPb collisions.

Data fluctuation ?

Additional effect ?




Search for DPS in pPb collisions at 8,16 TeV, L~30nb1, pPb & Pbp

Measured the cross sections and kinematic correlations between

different pairs of charm hadrons

Confirmation of enhancement of DPS in pPb w.r.t. SPS
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Analysis being refined for D9, being refined for other open charm

states
EIOJ""I T ™3 . N —
> LHCb prelimina 3
3 e i _OP Ty 4 (a4 - ~4- LHCb 8.16 TeV LHCbD preliminary
= P e D°+D pPb |sy=8.16 TeV 3 EPPS16
NN L. 0 .
=) o . D pr
£ 10 P — LHCb-CONF-2019-004 nCTEQ15
e T E x| B —e-LHCb 5 TeV
——, L L
s o o ;
:3:+ b 20 3 & Q: i
——— O . ad £ qaben
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- Backward, 2.5<ly*I<5 TR ) ; 'ﬁ—_g_—ﬁ::a:
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Preliminary results for D° cross-section in pPb/Pbp collisions at vsnn = 8 TeV up to pr= 16 GeV/c.
Improved statistics by factor 20 compared to previous LHCb results.

Tension between data and nPDFs predictions. Additional effects required.




Fixed target




LHCb-PAPER-2018-023

Charm production in fixed-target

DY and J/y production studied in fixed target
configuration

Valence-like intrinsic charm

nPDF anti-shadowing region content in the nucleon
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http://arxiv.org/abs/1810.07907

Charm production in pAr & pHe

Charm in pHe at 86.6 GeV

Charm in

pAr at 110 GeV

= ——————— )0 W N e DO
- | LHCb |'s,, =110.4 GeV pAr S 70¢ I”(\.]sml«’ it g
— — —4-L b dats i
S | —+— LHCb data 3 S 60| S N L - |
o f e B pAr CTI4NLO+nCTEQIS £ 5of B /He % 0.72 CTIANLO+nCTEQIS  sumswnepwmomemen -
- = —— pp CTI14NLO ] ] 4 E e pp X 0.72 CTI4NLO i |
— - e 0 |
107! B - B il g s
a 107 F - = 30 |
% F 3 = 20 . |
7 S 10— |
Q102 - S 16
Tl : 2
S F ] g 12
' C o8 g g e
- 7 2 06 ¢
-1l w 1 - 04
0 p 4 6 8 35 S5 0
P, [GeV/c] #

L
Open-charm production in fixed-target LHCb acceptance :
access to anti-shadowing and intrinsic charm content in the
nucleons.

Yields agree reasonably with theory in shape and

value

* Phenomenological parameterisation for J/y
(JHEP 1303(2013) 122)

»  HELAC-Onia model, calibrated on collisions

data (STAR) (EPJC 77 (2017))

Precise J/1{ and DY measurements in pHe.

Good agreement between data and theory with no strong
intrinsic charm contribution observed.
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http://arxiv.org/abs/2109.08084
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(Ultra) Peripheral PbPb Collisions

Arxiv:2107.03223, 2108.02681
Two nuclei collide with each-other with impact parameter

larger or barely smaller than the sum of their radii
Photon induced interactions enhanced by strong EM field of nucleus.

: v interacts with nucleus as a whole
: v interacts with the nucleons in the nucleus

Measurement of coherent o in UPC I Measurement of yield in PC
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before collision

A proxy of the impact parameter b of the

tat . - . .
DP-2021-002  SpECtaon &4 collisions can be given by “centrality”

classes, defined as percentile of the inelastic
PbPb/PbNe cross section as f(\/s )

We use the energy deposit in the
Electromagnetic calorimeter to extract the
participants centrality value through the Glauber model

after collision We use the MC Glauber model to derive N
participants (<Npart>), N binary collisions
(<Ncoll>), impact parameter (<b>), N

ancestors

Nanc = f X Npart == (1 - f) X Ncollu

PbPb @ 5 TeV c.o.m. Energy PbNe @ 69 GeV c.o.m. Energy
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Upgraded LHCb

[LHCDb detector : season 3 (2022)

New Tracking system :
- Silicon upstream detector (UT)

- Scintillating tracking fibre (SciFi)

[CERN-LHCC-2012-007]

New electronics for muon
and calorimeter systems

New pixel VELO

Side View

Magnet

+ Upgrade based on pp collision
requirements :

= Collision rate at 40 MHz.

s = Pile-up factor u=5
+ Replace the entire tracking system.
( f— { 1 l 2 J|‘ + Full software trigger.
. 3 i o - 34 {bﬁ BJE
\\ \ = Remove L0 triggers.
“~New RICH optics and photodetectors = Read out the fiill detector-at 40 MEz:

(slide from B.Audurier at ECT* workshop in Trento, Nov 2021)




Heavy-ion prospects

In LHCb-CONF-2018-005

HELAC-Onia + EPPS16 nPDF predictions

Studies in this document :

—T T --- l.' T ] 2: ™ T T T ..- l.' —— ] DO—DO Correlatlons_
LHCDb projection h [ LHCb projection .
pPb {5,,=8.8 TeV : 16k pPb |5,,,=8.8 TeV : B+ meson productions.
forward, 250 nb™' x E backward, 250 nb’! x
2.5<y*<3.5 ] L4p 3.5<y*<-2.5 ] Drell-Yan production
: 12F B7 .

SR LT L L e L LT LR EE ] 1
: 0.8F

Results obtained assuming similar
systematics as in Run 2.

0.6F Dominated by tracking uncertainties and
L T branching ratios in this scenario.

15 ‘ .2-0
p.[GeV/c] g ione :
= Projections show valuable inputs for

Luminosity: nPDF fit with limited data taking periods.
* pPb: 500 nb! (4 weeks)
* pp: 104 pb! (much shorter time)

Sllae rrom b.Auaurier a workshop In Irenro, Nov
(slide from B.Audurier at ECT* workshop in Trento, Nov 2021)



LHCb successfully participated in heavy ion data-taking in 2015,2016 &

2018
Collected good statistics — could benefit from larger data samples
Many measurements performed; first ones with PbPb collisions ever!!

More new results soon with these data
Many results also studied in view of the new detector in Run3/4
Yellow report on the way LHCB-TDR-12 — 17: CERN-LHCC-2018-026; LHCB-TDR-019

¢ #5000 " HCb simulation - Upgrade
§ 40000 - EPOS 100%-30% PbPb 5 TeV

LHCb simulation - Upgrade
35000 = EPOS 100%-30% PbPb 5 TeV

nVeloClusters
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