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QOutline

Recent LHCb results with a vital impact on phenomenological models and generator tunes aimed
to understand the soft component of the hadron-hadron collision.

1. Proton-proton collisions at /s =13 TeV

a) charged particle multiplicities
b) inelastic cross-section
2. Collisions of pPb and Pbp

3. Fixed target experiment

4. Prospects for Upgrade | and Il
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LHCb spectrometer for flavour physics and rare decays %

* LHCb detector has a unique forward coverage in the pseudorapidity range 2 <1 <5

The forward region is sensitive to low Bjorken-x QCD
and low Q? dynamics and multiparton interaction so- .
far unexplored kinematic regions.

Side View ECAL HCAL

SciFi RICH2
Tracker

................

upgrade
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Excellent performance:
3 fb-l accumulated in RUN 1, 6 fb1in Run 2;

Tracking system with momentum resolution Ap/p~0.5 —
1% (from 2 to 200 GeV);

Excellent time (50 fs) resolution;
Precise vertexing: a(IP) = (15 + 29/pr[GeV]) um

Efficient hadronic identification (2-100 GeV/c):
E(K » K)~95%

misID E(r - K)~5%

Calorimeters ECAL, HCAL, AE/E = 1% + 10%/VE[GeV]
for ECAL

2022 start of Run 3 with Upgrade |

Run 3-4: 50 fbt with £,,,,, = 2 X 1033 cm2s’!
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LHCb unique role in soft QCD

* LHCb is optimised (general) for beauty and charm decays with low-p; threshold — el — Ot
ALICE ! '
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1_ p E J. Phys. 13 053033 Experimental results with a vital impact on phenomenologica
e ] models and generator tunes aimed to understand the soft
OT M | | P | P ..
! 2 3 4 > r6| component of the hadron-hadron collision.
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https://arxiv.org/abs/1405.0722
https://iopscience.iop.org/article/10.1088/1367-2630/13/5/053033
https://arxiv.org/abs/1402.4430

LHCb insigns into hadrons %

* LHCb can work in the collider and fixed target mode:

* proton-proton colliding mode: 2 <71 <5 © = +— @ [-3513TeV

* jon colliding mode: P 4
forward and backward region Sy =35.0 TeV

* fixed target: ‘ - ‘_t
central and backward - -

sy =69 GeV

IS =110 GeV

c — & — &
p Gas
(He,Ne, Ar...) Pb Gas (Ne, Ar)

LHCb is the only detector at LHC fully instrumented
in the forward region.
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Multiplicity in proton-proton collisions

Motivation:
1. Light mesons constitute > 95% of the final state hadrons.

2. Prediction of multiple parton interaction based of effective
models with parameters tuned to experimental results.

3. Searches of physics BSM requires good understanding of
soft particle production.

4. Production of light hadrons at TeV scale in the forward
region — crucial for air-shower models

i
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Prompt particle production in pp @ 7 TeV

Eur. Phys. J. C(2012) 72:1947
a L e L L

of e gy ERN tracks reconstructed in forward and backward: 2 <n < 4.8or —2.5 <7 < -2,
: e * hard QCD sample pr > 1 GeV/c

— Pythia6 (defaull) o
- Pyt L1 : Selection:
2 .......... Phdﬂ 1 . . .
E . yias gl : * min bias trigger,
] ! | I R T | IR | R T B
Y . EurPhys..C (2014) 74:2888 » atleast one reconstructed trackin 2 < n < 4.8,
5 R P * atleast one particle with p; > 0.2 GeV/c, p > 2 GeV/c,
= { = f S _
] 8 2 e e corrections for fake tracks and ghosts,
1S * data driven approach to correction for undetected events.
o :
0.5F
= T 1 = : Results:
e - 3 Py [Gevre] * none of the generators were able to fully
A I Thmae describe the data,
A3 . TR i * generator tuned to LHC measurements
E 4 . l_‘l—' L3 ].f” ™y 1s=7Te B H 1
i T i § L) !‘ T are in better agreement with data
: £ g i * : .
A T 07 G ”‘g’ : * models underestimate charged particle
|y = 0.5 e ] . .
A : = : roduction in Run 1 data.
01 S— 5 O-I/. - 1 |1 P M p
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https://arxiv.org/abs/1402.4430
https://epjc.epj.org/articles/epjc/abs/2012/04/10052_2012_Article_1947/10052_2012_Article_1947.html

: T L H
Charged-particle multiplicity in pp @ 13 TeV JHEP 01 (2022) 166 ﬂ

* Unbiased data sample £ = 5.4 nb! (2015, two magnet polarities).

- only tracks reconstructed in the entire tracking system, low fake-
track probability;

- about 350 x 10° events with both magnet polarities, 5.4 nb?,

- (u)~0.9

 Measurement of double-differential cross-section of prompt 42
production of long-lived charged particles*, separately for positively o
and negatively charged particles in bins: pr € [0.08,10] GeV/c,n €
[2,4.8]

* Comparison with four hadronic-interaction models n- number of recorded tracks after
corrections

n
dndpr L AnApr

*charged long-lived particles: pions, kaons, protons, electrons, muons, %, Z, ()
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https://doi.org/10.1007/JHEP01(2022)166
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Corrections to particle production
JHEP 01 (2022) 166

original efficiencies corrections
. s : LHCb
1. Comparison of data with simulation of background and &: n€2.0,25) imulation n&€l2.0,2.5)
1.0 1.10 Heh
. . P -- q=-1
n =&n+),;n; , I - signal particles —n s d
cand LTLbkg 05{ - K 1.05{ — a=+1
- background: fake tracks, photon conversions, charged- — D ’
pion material interactions and strange decays; 0.01 other Il 1.00 g
- € and n; i, are taken from simulation after data- 051 3\\_:\\.\ 0.95 1
driven correction for imperfect modelling, N
-1.0 . . 0.90 : :
2. Ineach bin of (n, pr) efficiency is corrected for: 5 HCb o neEl4.5,4.8)
_ . . . £ 10 N€M45.48)  gimuylation * 1.10 LHCb
- differences in £ between data and simulation w
(muons from J /iy — u*tu~); 1.051
- simulated particle composition (r, K, p) 1.00 1
0.95
| | 0.90 -+ - .
102 103 10 10 10 10
pr [MeV/c] pt [MeV/c]
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https://doi.org/10.1007/JHEP01(2022)166

Charged-particle multiplicity @ 13 TeV o

JHEP 01 (2022) 166

1 n=1[2.0,2.5) 1 n=1[4.0,4.5)
LHCb pp LHCb pp
Results: — 0.1] VE=13TeV —5 0.1} VS=13TeV
_‘E: 0.01 @ data 5.4nb~1 .IE:E 0.01 | 5.4nb~1
 Differential X-section of prompt ‘_“’1;)_3 = s E
i i & | qespent &
- bl QGSJetll-04 S8
production of charged long-lived ""lf'im s °|§1° "
partlcles; 10-5{ - Pythia 8.1 LHCb 1075
* Dissimilarities wrt models are EE 151 EE 15
o|m®
between -26% and +170%. E° 10 EP° 10
* Smallest discrepancies in EPOS-LHC. 100 10° 10° 100 10° 10°
. n=1[2.5,3.0) . n=[4.5,4.8)
LHCb pp LHCb pp
Source Relative uncertainty in % 'n_u' 0.1 ‘E:sf’n?;‘{ o 0.1; ‘/_=5 143';;?\{
Data-sample size < 0.02 20'013
Simulated-sample size < 3.0 1074
Selection efficiency 0.9-5.1 %Em"?
Fake tracks 0.1-9.5 10731
Material interactions < 12
Strange-hadron decays <15 ol 1.5
Beam-gas interactions < 1.7 . g‘-‘o" 3
Other background contributions <11 '
Integrated luminosity 2.0 100 10*

pr [MeV/c] pr [MeV/c]

Total uncertainty is between 2.3% and 15% Cross-section mostly overestimated by recent hadronic-interaction models.

depending on the kinematic bin.
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Charged-particle multiplicity @ 13 TeV o

JHEP 01 (2022) 166

ne2.0,2.5) nemR.s,3.0) nel3.0,3.5)
e LHCb pp LHCb pp LHCb pp
Results: . VS =13TeV V5 =13TeV V5 =13TeV I
137 — Aythia83 0 o 1| ] 5.4 b=t | 1 5.4nb-1 /
. . . . ——~ EPOS-LHC . : ! : /
* Ratio of differential X-sections 12 =2 ocsietiLo ;
for positively and negatively 1] Sibyll 2.3d /
. .11 —- Pythia 8.1 LHCb .
charged particles. Y o,
« Best agreement with PYTHIA ' ’
D,g ML | M M L M v L L LIRS | M M L M M LR LN | M M LR | M M L
8.303 Monash tune. ° nel3.s,4.0) ne4.0,4.5) nel4.s,4.8)
g 14 LHCb pp ! LHCbpp | - LHCDb pp !
13- VE=13Tev | | vE=13Tev | | | VE=13TeV |
' 54nbt 5.4nb™t [ 5.4nb=1 | /
| . i I
i !
T / s, + 1 ;f JH
At high n and high pr, the AL . N
production of positively charged _
H H H H H D,g L | T T T T T T T T T T T T T T T T T T T T
particles increases +2 initial state) 102 10 T0¢ 102 103 Tot 102 103 1ot
pr [MeV/c]
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https://doi.org/10.1007/JHEP01(2022)166

Inelastic pp cross-section @ 7 TeV

JHEP 02 (2015) 129

O.acc_NViS % '|_ T T T T T
1 — > C LHCbh 1
inel €L 2 o 1“‘«.‘6 -
' s h%“u ]
N,;s selection: 5 10°f .. ]
 prompt long-lived particles, at least one reconstructed track, Cd "-i_% E
107 F E
* pr>0.2GeV/cand 2 < n < 4.5, | * data<n>=5.84 T
10™ e OMC <n>=5.66 222;:“*-5
. . . . 1{}-5||||||||||||||||||||||||||||||||||||||T|‘
Efficiency e: full simulation 0 5 10 15 20 25 30 35 40
inacc — 3 T T T TTT T T T TTT T T T T T TTT T T
Oimer . = 55.0 £ 2.4(exp.) mb g T o
© ® LHCb - pp inelastic cross-section, Ys=7 TeV
100 — A PP inelastic cross-section /%_%V %
Extrapolation to full phase space: model dependent (Pythia 6) B0 e et - i
60 - O pp total cross-section m
— inacc " e woF 1
Oinel = Sextr Oinel w0 g gt T e [
!,‘-}i! e L ?T { l Ep
Soxer = 1.2168 + 0.0001
«6\6\} @0@ o o° &
Oinel = 66.9 + 2.9 (exp.) + 4.4(extr.) mb T
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Inelastic pp cross-section @ 13 TeV

JHEP 06 (2018) 100

N, selection:
* prompt long-lived particles, at least one reconstructed track
pr > 2 GeV/cand 2 < n < 4.5,

Oy [MB]

Efficiency €: full simulation

inacc
O'.

imel = 62.237 £ 0.002(stat) & 2.55)syst) mb

Extrapolation to full phase space:

Oinel = Fr O-iirrllglcc |
* model dependent (Pythia 8.230 with current tunes) 10 Ju_—
2. 0
FT -
20 Oinet(\/s = 13 TeV) = 74.5 + 3.0 (exp.) + 4.5(extr.) mb
i=ND,SD,DD

v; - fractions of visible interactions Oinet (Vs = 7TeV) = 68.7 + 2.1 (exp.) £ 4.5(extr.) mb
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Proton — lead collision

syv = 8.2 TeV '
(s, =5TeV) §
“backward”

«— 10’ p——1rr—r——rrr-rrr—rrrre e
?o E  LHCb-INT-2015-019 ; ! : : : :
© \ CERN-LHCb-INT-2015-018
.‘-; H H H H
W

HUMBOLDT KOLLEG: CLUES TO MYSTERIOUS UNIVERSE A.OBtAKOWSKA-MUCHA AGH-UST KRAKOW



LHCb detector for pPb collisions

Phys. Rev. Lett. 128 (2022) 142004

Production of light hadrons is an important probe of Cold Nuclear Matter.
CNM effects are described in nuclear PDF (nPDF).
LHCb offers access to low-x and low Q — saturation region?

107 .
8.16 TeV pPb
BN LHChb

' ATLAS. CMS, ALICE

108
ALICE Muon
> *' _EHIWN 10°t Other Collision Systems
W Fixed Target

e

510l
% 10
fﬂff’ﬂfd S 104 Backward
y*/n* >0, By
shadowing,  1¢2 _ ' 3
saturation? = i Elltl-ShELdDWng
1[]1_
(U T (VN [T 102 T T00

I
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
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Charged particle production in pPb Shye. Rev. Lett. 128 (2022) 142004

1. Colisions of pPb provide study of nuclear effects in initial and final state.

2. Dynamics of HI probed in context of Cold Nuclear Matter and saturation scale. Differential cross-section:
3. LHCb can explore the low-x and low Q* region, down to pr — 0. dZUCh(T), pr) Neh
. -6 -4 =
- forward mode: 107° < x < 10 dn dp; L An Apr

- backward mode: 1073 < x < 1071
first results in soft-regime in pPb collisions

o~ 1 I T rrrrn | | I T T TNl LI LI 1 T T TITH
= 105[:;---.9 i- ! I- ' 1
= HH o, +
LHCb pPb data from 2013 (81.84 pb1), pp — 2015 (3.49 nb1). > o™ o m’*ﬂﬁmﬁ
Q i el %
Prompt charged particle yields measured with tracking system. = 104[ F“'ﬁ ¥ *ﬂ% H lﬂﬁ% |
= 3
. . . . . = S0 ] =
Selection with min bias trigger (one reconstructed track). Q_‘[_‘].OS[I-HQ’PP %  LHCb pPb *‘*% § LHCo Py mﬂd ]
Kinematic coverage: = Vo5 02 TeV 5208 "I Vo5 02 TeV e oy =502 TeV 5
E Prompt charged particles T Prompt charged particles Prompt charged particles
p > 0.2 GeV/c, 0.2 < pr < 8 GeV/c, £ 102} 4 nepoas % ¥ +nenezo s § e nepoa ﬁtﬁj ]
pp:2<n<48 5 —4— ne[253.0] ¥ mepozs —f-ne[-35-3.0] o
pPb (FWD): 1.5 <71 < 4.3 Lol # memosa TEE 1 4mepsaa -} ne[40.35] H“f
pPb (BWD): —5.3 <n < —2.5. [ nepsan L ® o me03s] m‘@l - me[45.40] :&ﬁj
. —4—ne[4.045] M e[3.540] o —F—ne[48-45] o]
Raw vyield corrected by: 1k nepsag o —A-me[t043] 4 me[52-48] .~
reconstructed and selection efficiencies, T I T P
background from fake tracks and secondary particles. 1 1 1
P, (GeVic) P, (GeVic) p (GeVic)

Total uncertainty: 2.8% in d?c and 4.2% in Rypp
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
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Nuclear modification factor

Phys. Rev. Lett. 128 (2022) 142004

Opa R, py (0, D7) = 1 deSﬁb(n,pT)/dn dpr 4 =208
pPb\'[b PT) = 4

— = h
Rpa = 4o, A d?o5y(n,pr)/dn dpy
FWD 7 > 0
Results: e L e gt} HHtrich daa -
1. Suppression of charged particle production in < !

pPb wrt pp at forward rapidity reaching o
Ry,pp = 0.3 for low-ps and high 7. f

0.2 2.0<n<2.5 | 2.5<n<3.0

2. Enhancement at backward rapidity for py >
1.5 GeV/c (interpreted as Cronin
enhancement).

Max R,pp~ 1.3 is reached (depending on 7).

-3.0<n<-2.5 -3.5<n<-3.0 -4.0<N<-3.5 -4.5<M<-4.0 -4.8<N<-4.5
IIIIIIIIIIIIIIII lllllllllllllllll lllllllllllllllll lllllllllllllllll Illllllllllllllll
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]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
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Nuclear modification factor — comparison with models e, Rew. Lett. 198 (2092) 142004

FWD 7 >0

1.8FLHCb 5,=5.02 TeV

Comparison with models for pr > 1.5 £ 1.6fPrompt charged paicies
GeV/c: S ]
= nPDF set EPPS16 and CT14 reproduces 0.
forward data (within uncertainties), o .
0.2 2.0<n<2.5 | 2.5<n<3.0 3.0<n<3.5 3.5<n<4.0 4.0<n<4.3

= CGC effective field theory in the FWD
(saturation region),

= pQCD+Multiple Scattering in the nucleus
in agreement with the most backward
data, but is unable to reproduce the

. ' -3.0<<-2.5 -3.5<n<-3.0 -4.0<n<-3.5 -4.5<M<-4.0 -4, 8411-:-4 5

Other reglons' 0-2---|---|---|---|- panlasslanslansl s tbannlonnlasslonslolonslonnlasalasslalosslasslonnlssnls
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8

BWD 7 < 0 Py [GeV/c] P, [GeV/e] P [GeVie] P, [GeVie] P, [GeV/e]

EPPS16: J. W. Cronin et al. Phys. Rev. D 11 (1975) 3105.

Helenius et al, JHEP 09 (2014) 138, arXiv:1406.1689

CGC: T. Lappi and H. Mantysaari, Phys. Rev. D 88 (2013) 114020
pQCD: Z.-B. Kang, I. Vitev, and H. Xing, Phys. Rev. D 88 (2013) 054010
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

I . . LH
Nuclear modification factor — Q% and x evolution e, R Lett. 198 (2022) 142004 ﬁ

Cvluion with xand 02 crucilforCold TS TRED Toeyemmw
Nuclear Matter study): s 1_4;-¢$;$; %4 Uk Al Prompt charged particles .
A< 1.2 LHCb, 40<<4.3 —4— LHCh, 48145 EE
2 — 2 2 — 3 i
Qexp = M~ + pr, m = 256 MeV/c?, 002_ R L Qéxp = m? + pf
Xexp = Sexp e 04F T 75<0 <0.85 GeV¥c? 3<Q? <4 GeVY/ 2
SNN 0.2 :' i ap exp
L l 6 - Qexp
o 1 . Xexp = e
* Agreement in bins of Q2. B ig g AT e
——
* R,pp depends on x,,, with start of 08 #ﬁ% DR st A A
decreasing at X,y > 0.1 0.6E
04F
02k 7<Q? <10 GeV?%/ 2 45<Q’ <50 GeV?/c?
0
10° 10 10* 10~ 102 10 10° 10" 107 102 107
xexp Jc’fﬂ’il’
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Nuclear modification factor — correction of model

I H

Very recent comparison with CGC model
shows better agreement with LHCb results in
FWD region

Pursuing the Precision Study for Color Glass
Condensate in Forward Hadron Productions
Yu Shi, Lei Wang, Shu-Yi Wei, and Bo-Wen
Xiao

— Published 20 May 2022
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dbo fdyd®pr [nﬂ};’(_‘re"v‘q]

d*o [dyd’pr [mb/GeV?]

Hpr

Phys. Rev. Lett. 128, 202302

o€ [2.’ 4] .

o pPh, 2.0 <y < 2.5
w0

o pPh, 25 <y <30 I
w0 3

T pPh,30<y <35
L0

o pPh, 3.5 <y = 4.0
e L0

o pPh 40 <y < 4.3/
[0 l

12 = 0% +57)

e =502 TeV T

R AY € [10,40) GeV?T RS

opp, 25 <y <30
s One-loop

o pp, 30 <y < 3.5
e Cne-loop

o pp, 30 <y <40

== Ope-loop

LHCb —=
CTepp dilzy<dof
== One-loop

“Te pp, 20 <y < 25[F
= (One-loop i

e By, 20 <y < 25])

e Resummed

== Resummed

e

= Resummed

. e, 30 <y < 35 [

e Resummed

* Ry, 35 <y < 40 |

ST
= Resummed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.202302

CERN-EP-2022-050

. o . O
Nuclear modification factor of m
ARXIV:2204.10608
R. .- BWDn <0 FWDn >0 .
pA: 2 1sTTI0h TTCh ?.5 LHCb —4.0 <nem < —3.0
. . = 1.0
BWD: Cronin-like enhancement < i =108
FWD: strong suppression LIS £
<
L ¢ wﬂjng.lﬁTeV, —4.0 < npem < —3.04 10
. . nCTEQI5+LHCH D° S = 8.16 Te
Comparison with models: EPPS16. LHCD DY 0] § B T
. . e 4 208><ppj Vs =13TeV E
* FWD: small uncertainties — - LHCh % |[LHCD 2.5 < now < 3.5
powerful constraints for nPDF at } 210 Wi
low x, tensions with CGC. S mre.
s e,
e BWAD: above pQCD calculationin .| _ _ > "’-;;m
; Loé a0 eaw =816 TeV, —4.0 < ey < —3.0 ¢ 7 /e =816 TeV, 2.5 < new < 3.5 ]
Pr € (2,4) GeV/c region + hi,\/sl?q_N=5TeV, —3.5<nc,:cz[—3.0 + hi,\/gq—N=5Tev, 2.5<ncz023.0 ﬂ::
4 b, /snn=5TeV, —4.0 < fjom < —3.5 4 hE, /eww = 5TeV, 3.0 < ou < 3.5 100 == _|
2 3 4 5 6 7 8910 2 3 4 5 6 7 8910 ==
pr [GeV] pr [GeV] 2 3 4 5 6 780910
pr [GeV]
0

Agreement with charged-particle R, 4 with h* slightly above 1

A.OBtAKOWSKA-MUCHA AGH-UST KRAKOW
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Fixed target experiment at LHCb

SMOG: System for Measuring the Overlap with Gas:

* inject small amounts of noble gas into LHC vacuum to pressure
107 mbar.

Jsw =110 GeV
e — &

JSuy =69 GeV

— &

p Gas :
Main purpose: precise measurement of beam profiles for determination (He Ne, Ar...) Pb Gas (Ne, Ar)
of instantaneous luminosity
Allows to study fixed-target collisions of proton ion beam on gas atoms. PRL 121 (2018) 222001
pHe collisions — cosmic ray interactions, pNe —atmospheric showers = 3sF— L T
R i LHCb — DATA 1
S 30 e pHe — pX 12< prlS GeV/c === EPOS LHC .
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Prompt production of p - accuracy <10%, lower than

spread among models
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001

Fixed target experiment at LHCb %

First Measurement of Charm Production in its Fixed-Target
Configuration at the LHC PHYS. REV. LETT. 122 (2019) 132002

Measurement of antiproton production

C’\S 120 & 600 . . o o
S o LHCb 2 LHCD from antihyperon decays in pHe collisions
= 805 | Sy =87 GeV pHe § 400 | Sy = 87 GeV pHe at \VSNN= 110 GeV
o - .
T s < 300 arXiv:2205.09009 LHCb-PAPER-2022-006
o F 8
3 400 5 200
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S T WP e S R S...” SR
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https://doi.org/10.1103/PhysRevLett.122.132002
http://arxiv.org/abs/arXiv:2205.09009

SMOG 2 prospects for Run 3

Currently growing physics programme: high-x and moderate Q?
region in different collision systems

Gas Target .lllmllll. E

* New gas cell installed for Run 3 downstream of the LHCb nominal
IP with possibility to inject Kr, Xe, H,, O,, D, gasses.

TS

Storage Cell
2 =
* Unique opportunities to extend heavy-ion, QCD and astrophysics
studies! LHCb-PUB-2018-015

e Charm production measurements
 Hand D targets — 3D structure functions

* Possibility to complete cosmic antiproton study We aim at acquiring beam-gas events
simultaneously with beam-beam

events, using all LHC bunches.

o mm) 0 ‘ e . ) ‘ Gas does not affect pp physics program
H 0 O H 0 0

* Oxygen! Proton — Oxygen, Oxygen-Oxygen

Challenging online reconstruction.
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https://cds.cern.ch/record/2649878

Summary %

LHCb shows potential in the study of the insight of nucleon in proton-proton and proton-lead LHC
runs with constraints to nuclear PDFs and saturation models down to very low x:

1. Measurement of differential cross-section of prompt production long-lived charged particles
in pp collisions at Vs=13 TeV.

- as a function of pr and 1, separately for positively and negatively charged particles
- valuable input for generators, recent hadronic model overestimate data.

2. Measurement of the inelastic pp cross-section — comparison with physics models.

3. First and most precise measurement of differential cross-section of prompt charged particles

in proton-lead at \/SNN=5.02 TeV and proton-proton collisions with the first determination of
R, pp for prompt charged particles in forward and backward regions at LHCb.

- Nuclear modification factor in pPb indicate a nuclear suppression at forward rapidity
compared to proton-proton.

4. Nuclear modification factor in =° production — new result for comparison with models.

5. LHCb is also a fixed-targed experiment! This work was partially supported by the Polish NCN grants
No. UMO-2019/35/0/5T2/00546
R
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Timeline for the LHCb Upgrades

~1 visible
interaction

LHChb—

~5 visible ~50 visible
interaction interaction

LHCb Upgrade — o———L_HCb Upgrade Il —

LS3

L =2 X103 e HL-LHC - — [ ~50f" L

= -1 LS2
Lim= 1010 ATLAS/CMS

=1- 3 - -1
Injector upgrades £=1-2x10 LS5 =Ly~ 300

Phase 2 upgrades
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LHCb Upgrade | LHCb Upgrade I: incremental
Installation starts improvements/prototype detectors

HL-LHC note [CERN-ACC-NOTE-2018-0038]
Feasibility of running of LHCb Upgrade Il
LHCb response [LHCb-PUB-2019-001]

Considerations for the VELO detector at the LHCb Upgrade II
CERN-LHCb-PUB-2022-001



https://cds.cern.ch/record/2800144

I H
LHCb Upgrades ﬂ

* LHCb physics programme in Run 1 — Run 3 and 4 is limited exclusively by the detector.
* LHCb Upgrade | has been completed this year, Run 3 starts next month!

Upgrade | Upgrade i
Upgrade I: Run 1 Run 2 Run 3 Run 4 Run 5 Run 6
* Loyax =2 X 1033 cm2s? :: TOF | scheautc updaled begiming of 2022 . . 3350
Line = 50 fb? (Run 3+4) 5 :;;: % 5 _2300 E
S oF E 250 z
 LHCb Upgrade Il starts after LS4 (major upgrade of % 8;_ Eiﬁ é
ATLAS/CMS) g i3 Jio 2
Upgrade Il: E ’ ;_. s ESO i
Loax = 1.5 X 103* cm2s1 foi e 0

Lins = 250-300 fb? (Run 5+6)

Expresion of Interest LHCC-2017-003
Physics case LHCC-2018-027
Accelerator study CERN-ACC-2018-038




