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THE LHCb DETECTOR 2

» Single arm forward spectrometer with unique coverage 2 <y <5

[ JINST 3 (2008) SO8005 ]
[ IMPA 30 (2015) 1530022 ] RICH detector.s Vivon syster RUNZ CUNFIGURATIUN
K/mt/p separation

identification e(p—>n) ~ 97 %,
e(KK) ~ 95 %, u (L)

» Designed for mis-ID e(1—K) ~ 5 % e i e S 2
heavy-flavour f
physics, now a ‘
general purpose Vertex Detector(VELO) ‘ 10-300mrad

reconstruct vertices
experiment decay time resolution: 45 fs
IP resolution: 20 um
R . ~12 m
» Forward and — \,
backward | T S
|
coverage for l :
asymmetric - - - \ ;
bea Mms - SMOG Dipole Magnet Tracking system

bending power: 4 Tm Calorimeters

. | momenturon reso(!ution energy measurement
Fixed-target system! Ap/p = 0.4%-0.8% e/y identification

(5 GeV/c —100 GeV/c) AE/E =1 % @10 %/VE (GeV)

Track reconstruction downto pr =0
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LHCh DETECTOR IN RUN3

[LHCb-TDR-12]

RUN3 CONFIGURATION
Upgade :

RICH + new Side View ECAL HCAL | NeW Mu-On |
electronics M2 o electronics

— | | SciFi ~ RICH2
New vertex
detector

“/ ‘-.lﬂll l/‘

Trlggerless readout + software trigger on CPUs + GPUs |
V- "-m\ I\

e\s s s\ s s g 8 s\o s & |
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https://cds.cern.ch/record/2717938/files/LHCB-TDR-021.pdf
https://arxiv.org/abs/1912.09161

LHCh EXPERIMENTAL SET-UP

» Large variety of colliding system other than pp:

Cold Nuclear Matter Quark Gluon Plasma

JSw =5.0 TeV
Pb Pb
Sy =110 GeV VSw =69 GeV
o — & — &
P Gas
(He,Ne, Ar...) Pb Gas (Ne, Ar)

colliding beam samples

» pPb/Pbp
» PbPDb
» pA

» PbA

RUN2 SAMPLES
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e.,e - |||]| Pb-pb
Pb
g" ‘e | I"]I p-Pb, forward, 1.5 <y* < 4.5

Pb
et ¢3 | I“]I Pb-p, backward, -5.5 < y* <-2.5

Injection of noble gases (He, Ne, Ar)

colliding
beam
mode

fixed-target
mode

into the interaction region — unique
(SMOG)

kinematical region accessible!

fixed target samples
Beam Energy

a

2500 GeV
B 4000 GeV
B 5500 Gev

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

o

—




OVERVIEW OF LHCh RECENT HEAVY-IUN RESULTS 5

pr/ Pbp colhsmns |

) Coherent charmonium production in

» = production in pPb collisions at UPC PbPDb collisions at \/_ 5 TeV
ArXiv:2206.08221,
— Arxiv:2305.06711, submitted to JHEP
\/E o 8°1 6 T@V szrj)gvmitted to PRL

» A to DY production cross-section ratio

» Prompt D*, DT production in pPb in peripheral PbPb collisions /00029732
> s

collisions at \/E =5TeV

LHCb-PAPER-2023-006,
in preparation

» Prompt D" nuclear modification factor

> Charmonlum productlon in pNe

N pr CO”ISIOHS at \/E - 8°1 6 Te v co|||5|ons at \/_ 68 5 G@\’ Arxiv:2211.11633,arxiv: 2211.11645,
Arxiv:2205.03936, submitted to EPJC
accepted by PRL o . ! e e

» 7V production in pPb collisions at

\/E =816 TeV Arxiv:2205.10608,

accepted by PRL

> J/l// and DO productlon in

. ° Arxiv: 2211.11652,
Camilla De Angelis - 14/07/2023 - ICNFP2023 \/s = 68.5 GeV PbNe collisions  Zamiedto b
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pPb AND Pbp COLLISIONS 7

L Vs Al - ® Forward region: 1.5 <y* < 4.0

WS ¥ e pPb (2013) @, /syy = 5.02 TeV
W == | * —-L~1.1nb
e o pPb (2016) @ . /Svv = 8.16 TeV
sm|- : = N —~L~125nb™!
| 10Im | | | I15|n‘1 | | | I20|m | ; ‘ q h .

y | e M4 Ms P Pb

" Vg o B o ® Backward region: -5.0 <y* <-2.5
e ¥ ® Pbp (2013) @, /syy =5.02 TeV
/| g p

sm- : = N\ —>L~17.4nb~!
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=+ PRODUCTION IN pPb COLLISIONS AT /s = 8.16 TeV

» First measurement of this baryon in heavy-ion
collisions: E" — p K~z

» Prompt E' cross-section measured as a function
of prand y*
» Double =" differential cross-section

» Data compared with HELAC-Onia simulations with 3
factorisation scales

» Better agreement with factorisation scale 0.5,

Candidates / (0.1)

4

Arxiv:2305.06711, 8
submitted to PRL

3

frr——— ey == ynavs BE= 1 P
- P Syn—0. S . . S =8. eV
l_ (a) ' 15<y <40 ) = 6 ® A 15<y <40 '
: SoSs —e— Dala ~— 33353 —— Data
0 & l=LHCDb preliminary q"’, 5=LHCDb preliminary
- 5 = Total fit = ; = Total fit
N :_I- s55ess E 4 A+ s Prompt
06k =c s = C SEE N =77761 £ 356
: Non-prompt 5 Non-prompt
B N = 1086 = 39 @) 3 N = 41445 1 301
04
n 2
0.2 = 1
() e 0
-2 0 2 4 -2 0 2 4
N 2 +
log, (X2(Z0) log, (2(A2)

Measurement of the production ratio 7/ AT

» No clear sign of strangeness enhancement

. x10~
fa E LI DL L L L L % 0016 " rfrsrrryjrfrrryrrrryrrrryrrrryrrrryrrrrroig|1 L u_l +<0 1-_| | T T T | T T T | T T T | T T T [ T T T | T T T _I. _I
é LHC, {5 =816 TeV % “"? HLHCb preliminary LHCb, |5y =8.16 TeV (b) 1 é,i) 10 — LHCb, \,SNN =8.16 TeV (a) g
s | pPb: 1.5 < y* <40 S oo 2<p_<12GeVic — » - pPb: 1.5<y*<40 . S
EYVE -= . ' e = - ~ 8 Pbp: —50<y*<—25 - N
R . — Pbp: -50<y*<-25 = 0012 p— - — + B ’ ) ' . _—
2 F o : » EC,pPb l stat. unc. Z R N ] S
Rl - LHCb preliminary < o0 E- = N7 6 | LHCB orelim _ -
e - 5 - v E!,Pbp | [syst. unc. - a, - prefiminary . P
6 3 =~ = - <
g 5 oo |- 4 1 :
—e3— « 4 — — —
X o - EPPS16.90CL Rwgt u_ - fli’ E = @
o X 0006 — ~ - ~ —
.: 0k » E, pPb t ~ EPPS16.90CL Rwgt 0.51, - % - in ~
,?5 : =+ Ph B i‘i e =8 EPPS16.90CL Rwgt 204 gl = - == = — 5 ,S
i T Se FOP 1T 0002 |~ o - = 0 spPb | stat. unc. EPPSI6.90CLRwgt 4, | =~
2 10 e Ty’ == - - EPPS16.90CL Rwgt 051 o
- 2 4 6 8 10 12 &z 0 Mol L L ' L L L L E— - v Pbp DS}’St- unc. EPPS16.90CL Rwgt 204 o
p [GeV/C] m _5 4 —3 —2 _1 0 1 2 3 4 _2 l— I 1 1 I 1 1 1 I 1 1 | I 1 | 1 I | 1 1 I 1 1 ] —I %
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PROMPT D™, D™ PRODUCTION IN »Pb COLLISIONS AT \/E =3 ]eV -

. o , o L HCb-PAPER-2023-006,
» First measurement of prompt D™ and D" at low p; and forward rapidities in heavy ion collisions in preparatior

» Forward:

Vo) - T T T T T T
-
. . (o . . . ~ - Forward LHCb -
» Significant suppression consistent with nPDFs 2 2<p. <3GeVic
_§ 400--§-Data 30<y*<35 |
. S Al ]
» Consistent between D, D™ and D} z . Prompt Dt _
R - 1 dO'pr/ dp T “ B Non-prompt D}
» Backward: pPb =" do,,/dpr - " EBBackground )
0  LHCb preliminary
» D and D" in agreement with nPDFs _
» DT /DT ratio consistent with LHCb pp result and ALICE pp/pPb L '
measurements at mid rapidity -4 2 0 2 ‘
s log, Xp
= ~ ' LHCbpromptD* - <o | | 1= e LHChpomt D' gy s 2L Y HCD preliminar
[ —— LiGhpromi iy LHCb preliminary ™ | . novpomep:  LHCD preliminary & | LHCb502Tey | U0 preliminary
e Epp31gr?)1?pt %=5'02 TeV  —=— LHCb prompt D" \/%=5.02 Tev — B -::_—LHCb b(;i‘ivcggard .-5 0y< y* <.-2 5 CGC1 : Phys. Rev. D91
2~ —— nCTEQIS D’ forward — 2 ] EPPS16 D" backward - LHCbpp 2.0< y<:4.5 | (2015) .114(3310.5 |
—rn ] L) ncTEQS DY ] 1T+ ALICE pPb -0.96 < y* < 0.04 arXiv:1503.02789, Nucl
i CGCleessons ) i .| EPPSI6 D; :_I—ALICE pp | <0.5 - . ’ .

Part. Phys. Proc.
289-290 (2017) 309,
arXiv:1612.04585
CGC2:
arXiv:1706.06728.
EPPS16: Eur. Phys. J. C
77 (2017)
CTEQ15: Phys. Rev. D
0 5 10 15 20 93 (2016) 085037

p. [GeV/c]

CGC2 D' FORWARD - [ nCTEQISD; :
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D PRODUCTION IN pPb COLLISIONS AT /s =816 TeV oo

» Measurements of D" nuclear modification factor important to disentangle charmonia
and open charm effects

Rp Pb

—4— LHCb {5 = 8.16 TeV " EPPS16rwHF
| sf =8 LHCD s =502 TeV I nCTEQ15rwHE

FORWARD ~ prompt D’

0 5 10 O 5 10 O 5 10 O 5 10 O 5 10
p. [GeV/c] p. [GeV/c] p. [GeV/c] p. [GeV/c] p. [GeV/c]

» Forward: » Backward:
» Suppression observed consistent with 5 TeV » Data lower than nPDF at high p;

result

. . » Additional effects?
» In agreement with nPDF and CGC predictions

Camilla De Angelis - 14/07/2023 - ICNFP2023
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7" PRODUCTION IN pPb COLLISIONS AT /s = 8.16 Te V

» First 7° measurements in forward
rapidity at LHC 0

n—=7rY
» Forward:
» More precise than nPDF calculation
» Consistent with charged hadrons
» Backward:

» Enhancement above nPDFs

» Lower than charged hadrons, mass
ordering effects?

» Open the route to direct photon
production measurements

Camilla De Angelis - 14/07/2023 - ICNFP2023
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Arxiv:2204.10608, 1 1
accepted by PRL
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 nCTEQ15+LHCb D
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1.0}

¢ 7O ,/73NN—816TeV 25<770M<35 |
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¢4-

.—CGC
! —Et . A )
. 1 7* _
_ ;E.QQQQ ¢’¢’ ¢ 3 + + |
$ 70 /snn =8.16TeV, —4.0 < ney < —3.0 |
- hi V3NN =5TeV, —3.5 <nom < —3.0
4 hE, enw =5TeV, —4.0 <nom < —3.5 |
2 3 4 5 6 7 8910

pr [GeV]

h:t
h:l:
2

70, /snn = 8.16 TeV, 2.5 < nom < 3.5

\/SNN—5TGV 2.9 <nem < 3.0
\/SNN—5T6V 3.0 <nem < 3.5

3 4 5 6 7 8 910
pr [GeV]
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CHARMONIUM PRODUCTION IN UPC PbPb AT \ﬁ =5TeV s 1o

coherent photo-production , Ultra-peripheral lead-lead collisions:

A A

» Impact parameterb > R, + Ry

» Coherent charmonia produced by interaction between photon and pomeron

» Probe for the gluon density distribution functions

6.5\'&l\l""]""l""["" 1.5IIIIIIIIIIIIIIIIIIIIIIII ® data

LHCb - stat. unc.
55 B BT\ PbPb /8xx = 5.02 TeV ——— LHCh —Jsyst. unc.
TE.. Coherent J/v production B === STARlight
Luminosity unc. : 4.4% PbPDb ./snn = 5.02 TeV LO pQCD (GKSZ):
y une. - 2.2 Coherent 1(2S) production

W LTA
Luminosity unc. : 4.4%

’-.‘—.*‘t
-
..

’\

w1+ EPS09

-
S~

____ nPDF unce.

NLO pQCD (FEGLP):
m—EPPS21

nPDF unce.

Scale variation

Colour-dipole:
~=- bOGC+BG (GMMNS)

| | 1 1 1 1 I 1 1 1 1

the coherent J/y

-—+- bCGC+GLC (GMMNS)
--- IP-SAT+BG (GMMNS)
=== IP-SAT+GLC (GMMNS)
——=—Is fluct. +BG (MSL)
- - No fluct. +BG (MSL)
T RN —=——1Is fluct. +GLC (MSL)
T, 48, |~ No fluct. +GLC (MSL)
OOllllIllllIlllllllllll L8] --=- GBW+BT (KKNP)
: --- GBW+POW (KKNP)
1 2 3 4 ) 0 1 2 3 4 D - KST+BT (KKNP)
y* y* --~- GG-hs+BG (KST)
N L L N S B S L B S B NN L B B

=)
E
» The most precise measurement of =
~~
=
o
e

T"I""I""

» First coherent y(2s) forward
measurement at LHC

OSOCCTOCTOUToO OO

O ||||I|||||||||I
| 4
| 7/
- / v/ ,,I

)

I | 1 1 I I 1 | 1 I I I 1 1 I I I 1 1 [ J da.ta
stat. unc.

[ Isyst. unc.

=== STARlight

LO pQCD (GKSZ):
I LTA
==« EPS09

Colour-dipole:

- Is fluct. +BG (MSL)
=== No fluct. +BG (MSL)
- Is fluct. +GLC (MSL)
-~ No fluct. +GLC (MSL)

» Reasonable description of data by N

models based on nPDF/CGC

LHCb

PbPb /sy = 5.02 TeV
Coherent J/1 production
2<y"* <45

Luminosity unc. : 4.4%

L
-

LHCb
\ PbPb /sny = 5.02 TeV
* Coherent 9(2S) production

\ 2<y* <45
\ Luminosity unc. : 4.4%

S
O

o
O

AT

» J/y uncertainty much smaller than the
spread of theoretical curves
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A AND DO IN PERIPHERAL PbPb AT+ /s

» First measurement of the ratio A’'/D" in

PbPb at forward rapidities

» Important to probe the c-quark hadronization

OD ]. .2 B . L] | T T T T
\o ~ LHCb
II< -+ LHCb PbPb@5.02TeV .
Ir 2< y<4.5,<N_>=15.75 = 10.01 ]
[ (] Uncorr. syst. °
_ Corr. syst. 5.16 % i
0.8 + LHCbpPb@5.02TeV-25<lyl<4 —
- -+ LHCb Pbp@5.02TeV -25<lyl <4 N
0.6 —
— n m _ —
04 S :@: = .
- — T o
02—F3+— ' =
O B | 1 1 1 |
=) 1.2 | ! ! |
[ u
~ B LHCb
o = +  LHCb PbPb@5.02TeV =
. 2< y<45,<N >=15.75 + 10.01-
part _
B [ ] Uncorr. syst. ]
0.8 i Corr. syst. 5.16 % ]
0.6 B3 —
04 K
0.2 n l—t—' || RQM+Frag ;
- —— PYTHIA 8 + CR pp@5TeV .
O B 1 1 1 | 1 1 1 |
2 4

8
P, [GeV/c]

RAC / D°

. /D°

1 .2 B ' s . ' ] L] l J J | T T T T | T T T T
-LHCb
-~ + LHCb PbPb@5.02TeV N
I 2<p <8GeV/c,<N__>=15.75 = 10.01 -
[ 1 Uncofr. syst. pa
Corr. syst. 5.16 %
08+ <+ LHCbpPb@5.02TeV-2< p <10 GeV/c —
- + LHCb Pbp@5.02TeV -2 < p.<10 GeV/c
04 —
0.2 l —
0 B | | L | 1 L 1 1 1 L 1 1 "
1 .2 B L] T T 1 I L] L] ] L] I L] L] T ] I 1 L] ] L] L] L] T T
-LHCb
1 [+ LHCb PbPb@5.02TeV ]
- 2<p <8 GeV/c, <Npan> =15.75 + 10.01 -
" (1] Uncorr. syst. ]
0.8F Corr. syst. 5.16 % —
- —— PYTHIA 8 + CR pp@5TeV
0.6~ —
0.4 [ / —
[y - i
L] . | oy | .
0.2 —
O B 1 L 1 L I L L L L I L L 1 L I L L L L L ]
2 2.5 3 35 4.5
y
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Candidates / (4.6 MeV/c?)

4000 LHCb
~ PbPb \s, =5.02 TeV, L= 214 ub"
- 2< p,<8GeV/c,2<y<45

<N,,>=15.8 = 10.0 -
—signal ]
- combinatorial

~ L6k D’

4

1900
M(K 7tt) [MeV/c?]

| L
1850

=5TeV

Candidates / (3.75 MeV/c?)

800

700

600 -
500
400
300}
200
100

JHEP06(2023)

14

132

- LHCb
~  PbPb |s, =5.02 TeV, L= 214 ub"

2< pT<8GeV/c,2<y<4.5

<N,.>=15.8 = 10.0 -
—signal -
- combinatorial —

2300 2350
M(pK w*) [MeV/c?]

Results consistent with previous LHCb
measurements in pPb collisions at the

same energy

Agreement with PYTHIAS8 vs. p
simulations including colour reconnection

Tension with the Statistical Hadronization

Model

Need more data to understand charm

hadronization



PbPb COLLISIONS RUN3 s

D o AAAA[T T T T T T T T T T T T T T T T T T T T T T T T T T T |

£ 40000 |- _ _ A = s . : -
2 = LHCb simulation - Upgrade S 2 #5000 LHCD simulation - Upgrade 1 — 90
o 35000 = EPOS 100%-30% PbPb 5 TeV =3 |, B¢%0000FEPOS100%-30% PbPb 5 TeV 3 g0

o - 1 = - -

£ 30000 = :,_: 39000 £ :

25000 = R E

: ] 25000 F =

20000 7 — - -

E . o0 20000 £ =

15000 (7 040 15000 =

10000 f §° § E . 10000 | =

5000 | S v 5000 E

0 Y LN 0 Y

i B T L1 L1 L L1 P P T N T T
10 12 14 115 18 20 0 2 4 6 8 10 12 14 16 18
Ecal Energy (TeV) Ecal Energy (TeV)

No saturation up to 30% centrality!
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FIXED TARGET COLLISIONS AT LHCh: SMOG 7

»SMOG: System for Measuring Overlap with Gas

»Noble gases (He, Ar, Ne) injected into the LHC beam
pipe around the Interaction Point (IP), P ~ 10~/ mbar

»Highest-energy fixed-target experiment ever built —
bridge between the SPS and LHC energies

o o . . . 816 TeV pPh_Other
» Unique kinematical region accessible ,|/mmLic

B ALICE
10°t XY ALICE Muon
" Jl-t \ ’u 0
v b ' | ' i . . ‘Q_D‘
o » Investigates the high-x of the nucleon

gas targe

target at intermediate Q* 10

1070 107> 1071 1073 1072 1071 10"
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https://iopscience.iop.org/article/10.1088/1748-0221/9/12/P12005

CHARMONIUM IN pNe COLLISIONS AT /s = 68.5GeV g 1e

submitted to EPJC

» Charmonium production good probe for QCD — c¢¢ bound state suppression is one of the smoking guns of
QGP formation

» pA collisions are crucial to study CNM (Cold Nuclear Matter) effects which can mimic QGP presence in AA

450 pr—r———"—"T7 771

VSxn = 68.5 GeV pNe
- —$- Data

» J/w differential cross section

S

-

llllll

.

- -

O -

o -
llllllll

] Shao , 34 e Datain agreement with Vogt'’s predictions but not sensitive to Intrinsic

Charm (IC).

[nb/nucleon]
23

do,, v
dy*
N
S

@ HELAC-Onia simulations underestimate the cross section

[\

N

-
T[T [T TITT[TTTT]

[%]

12— @ NA51 pp,pd sy =29.1 GeV

e Good agreement with other fixed-target experiments at “E @ NASO pBe. pAlL pCu, pAg. pW |y = 29.1 GeV
1:_ O NA50 pBe, pAl, pCu, pAg,pW, pPb sy =274 GeV

- A E771pSi sy =38.8GeV

0.8 A E789 pAu sy =38.8 GeV
P bl bl

lower energies and different atomic mass number A

THEORY: 2-25— LHCDb —E

Eur.Phys.J.C77(2017), c{,:]; S - .

. Phys. Rev.C103(2021)035204 g b; 2 ) — —

0 bx o "-}' . }‘ n

o y . . . +§ +=s‘ 1 65_ [i] @ % ¢ * A é é a _E

» w(2S) to J/yw production ratio as a function of the target nuclei I 1% __ % :
m; Y 1'4:_0 LHCb pNe |5y = 68.5 GeV _E

Camilla De Angelis - 14/07/2023 - ICNFP2023 Phys. Lett. B 410 (1997) 337) 1 10 107
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J/y AND D PRODUCTION IN PbNe COLLISIONS AT /s = 68.5 GeV

Arxiv: 2211.11652,
submitted to EPJC

»J/y and D" behave differently in the medium  Comparison of the J/iy/ D° ratio between PbNe

and pNe

» D" production

e good reference for the total charm cross-  ° Jlyis affected by additional nuclear effects with
section respect to D, but the suppression trend is

similar from pNe to PbNe in largest N, ;, bin

» J/wand DY invariant mass distributions

[=
3, 6000 Fr——— , ———— & 300 - L \05 VSNN =68.5 GeV
> o LHCb 1 = | - Data LHCb
© 5000 |- — Signal -1 o 250F — Signal — S ——— pNe
S F e Background [S\n=685GeV { S S | G Background VS = 68.5 GeV - © PbN
\14000 |- — Total PboNe 4 < 200F — Total PbNe - - - ) co 76 + 0.05
2k 1 < : 107~ — '=0.76 £ 0.
83000 T TN 4 8 150F ‘
< B - - 2
s = N({/¢)~ 550
8 F N(DO)~ 5.7k 1§ Mt
1000 A 4 © S0 |
ot 1800 180 1900 : 0;000 N
m(K"7*) [MeV/c? miup) MeV/e’]

e First measurement in fixed-target nucleus-nucleus
collisions

Camilla De Angelis - 14/07/2023 - ICNFP2023 coll



FIXED TARGET COLLISIONS AT LHCh: SM0G2

» SMOG2: gas confined in a 20 cm long storage cell
» Higher areal density than SMOG (luminosity RUN3 CONFIGURATION

increased up to ~ x 100)

» Wider choice of gases to be injected: H,, D,, He,
Ne, N,, O,, Ar, Kr, Xe

; \I ll!llllllllll.

Storage Cell

yas T¢ lrg

» Data taken simultaneously in pp and pA modes 1

» Data collected in November 2022:

—
o
w

¢ Independent interaction point L — :_ - 00mm E
between pp and pA E %ZE .

s SMOG2 cell (pAD S ool E

® Same resolution of the spectrometer | ‘ o |- :
for the two collision modes " ﬁ . :
Camilla De Angelis - 14/07/2023 - ICNFP2023 —— = e W w w6



FIXED TARGET COLLISIONS AT LHCh: SM0G2

g 1, 400

» SMOG2: gas confined in a 20 cm long storage cell

» Higher areal density than SMOG (luminosity
increased up to ~ x 100)

» Wider choice of gases to be injected: H,, D,, He,
Ne, N,, O,, Ar, Kr, Xe

» Data taken simultaneously in pp and pA modes

» Data collected in November 2022:

e Ar injection, 18 minutes of data taking:

© 443 J/y and 4200 D (similar to SMOG with 170h
of data taking)

Camilla De Angelis - 14/07/2023 - ICNFP2023
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—&- Data
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LHCh DETECTOR UPGRADE Il cerniiicc 2021012, tcaonos

UPGRADE | (NOW)

[LHCb-TDR-12]

UPGRADE Il (2035)

[CERN-LHCE-2021-012]
[LHCb-TDR-023]>.

h Side View Tungsten M4 MS
Magnet & m\,lm(,,M M3
Magnet Stations  SeiFi TORCH  gheiding

&Silicon , o RICH?2

’ ' W
| “Tracker |
| /RICHI \ |
ooooo Ioo‘o UT' 4
| .
| TS .

LU0

ke
_ )

i

:

Phase-1l Upgrade
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PHASE Il IN A NUTSHELL 2

2030 2031 2032 2033 2034 2035 2036 2037 2038
AMI[3]AlS AM3[3]AlS AMI[3]AlS

O|N|D|J [FIMIAM[J [J|A|S|ON|D{J |[FMIAM|J |J |A[S|ON|D|] |FIMIAM[]I[J|A|S|O|N|D}J [FMIAIM[] |J |AIS|ON|D[J |[FIMIAM|J |J |A[S|OIN|D{] |FIMIAM[][J |A|[SIO|N|D

J|FM

Run 4 1S4 RUN 5
|nsta||ation Data ta klﬂg Last updated: January 2022
VELO Upstream Trackf-h:ipr Magqgt Sﬁtation Mighty Tracker RUN5S CONHGUR A‘"ON

Stave

Reticle size

Muon station

Side View

LHCspin project: R&D |
has started! .

SciFi RIC

Tracker

e Compact dipole magnet

static = transverse field.

=~

® Superconductive coils +
iron yoke configuration

fits in the space

constraints.

R&f) phase supported by
eB =300 mT, AB/B = 10 %, LHCDb, still not approved

with polarity inversion.

High rad. area
around
beam-pipe

High
occupancy
“belt-region”

® Achievable Luminosity
(HL-LHC):
~8x10% cm™2s7!

New RICHs
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Many interesting results shown coming from LHCDb

LHCb preliminary
2022

Run2 sny =113 GeV p Ar
o0

LHCb partecipate in heavy-ion collisions in a
successful way

Only fixed-target experiment at LHC

3400 3600
M(uu*) [MeV/c2)

LHCb preliminary
2022
sy =113 GeV p Ar

Run3 commissioning

— Fit
— DK 7t
---- Background

1800 1850 1900 1950
M (K 7©+) [MeV/c?]







D PRODUCTION IN pPb COLLISIONS AT /s = 8.16 TeV e

» Use experimental proxies for x and O

2 — 2 2
» Data consistent at 5 and 8 TeV Qbp = Mpo + P
» Trend seems smooth over wide x range . =9 Qexp L,y
exp =
/S
» nPDF undershoot the data at large x,,,, and Qezxp NN

Rp Pb

[y W W N W

348 < Q7 <748 [GeV’] 748 < Q7 <1948 [GeV’]

- LHCb |5, =8.16 TeV
—¢~ LHCb |5 =5.02 TeV

~¢ ALICE sy =5.02 TeV
EPPS16rwHF

[ JnCcTEQISIWHF

FORWARD

COOO

Rp Pb

[ S W W W—Y

2

19.48 < Q<3948 [GeV’]

E:

6748 < Q. <103.48 [GeV’]

BACKWARD

BB N0 — BB NOOND B OO0 — 1) s 3N 0o

COOO

10° 10" 10° 107 10, 10° 10°% 10° 107 10, 10° 10* 10° 107 10"

exp X exp X exp



CHARMONIUM PRODUCTION IN UPC PbPb AT\/s =5 TeV e 2

\// » Ultra-peripheral lead-lead collisions: coherent photo-production
Oz—» » Impact parameter b > R, + Ry A :
b>RIRB//\\M:::Wx(\)// » Coherent charmonia produced by interaction between
- Z

photon and pomeron

//\\ » Probe for the gluon density distribution functions

.0

= ILHCII) [ r 1111 rr1r [ 1111711 -
5.0 B PbPb sxn =502 TeV 3
4.5 Coherent Jfv production —e— LHCb 2018data_3
< 400 - + ! 11&%%53?3%2 » Comparison with ALICE and CMS results
- 35 %— t + —¥— CMS data =
=30 F . 4} | :
=25 F y =
= - +
S 15F ++ E
1.0 F T
0.5 F E
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