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Phenomena at low Bjorken-x
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® Large number of small-x gluons, leading to a very
dense saturated wave function known as the Color

Glass Condensate (CGC)

® Saturation scale Q7 « A" (Lorentz contraction)

® Parton densities are modified in nuclei

® Shadowing: depletion of the effective number of
gluons 1n low-x.

® Poorly constrained from previous data , o
® Expected in small x and small O~ region
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Low-x physics with LHCDb

- 8.16 TeV pPb Other Collision Systems
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® LHCb kinematic coverage to very low x and low Q!

® Access low O with light hadrons and direct photons
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Constrain nPDF with LHCDb data

An example

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

® ANNPDF3.0 arXiv:2201.12363

® LHCDb measurement of prompt D" production in pPb
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%% Prompt charged particles in pPb and pp collisions at 5 TeV

Differential cross section PhysRevLett. 128 (2022)142004

» Inclusive prompt charged particle spectra shed light on the 1itial state of the collision

» LHCDb probes unprecedented Bjorken-x range with forward coverage:

e Forward: 107°<x< 10~

e Backward: 102 <x< 10!

Prompt charged particles: 7, K, p, &, 2, Q, ¢, u...

=~ 10°R LHCb LHCb , LHCb
: : = PP \San= pPb, \s5,=5 TeV § 5 pPb, {5, =5 TeV
» Prompt charged particle yields o Prompt charecd Prompt charged
measured with tracking system = 10 particles particles
=
» Kinematic coverage: <" 10° | 0x208 =
o
e p>2GeV/c,0.2 <pr<8GeV/c £ - 2.0<n<2.5 < -3.0<m<-2.5 %
=~ 102 2.5<n<3.0 -3.5<n<-3.0
o ppi 2<n<48 5 107+ 25, + 354n<
e pPb: 1.6<y <43 = fF30mss 400<-3.5

e Pbp: —5.2< n < -— 2.5
» Total uncertainty

e Down to 2.8% in d*c/dndpy

e Downto4.2% in R p,
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» Nuclear modification factor:

o _ 1 Ao pr)dndpy
PP A d*c,,(n, pr)/dndpy

A = 208
» Strong suppression at forward rapidity

» Enhancement at backward rapidity for
pT > 15 GGV/ C

» pQCD+Multiple Scattering model can
describe PHENIX backward data, but
1s unable to reproduce backward data
from this measurement

» No model can successfully describe
the data across the full rapidity range

Nuclear modification factor R p,

Prompt charged
particles
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Prompt charged particles in pPb and pp collisions at 5 TeV

PhysRevLett. 128 (2022)142004
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%I& Prompt charged particles in pPb and pp collisions at 5 TeV

Rppb V8. Xexp PhysRevLett. 128 (2022)142004
o o o _ Qexp —n ALICE: JHEP1811(2018)013
= m + p xex o €
exp T P SNN CMS: JHEP 04(2017)039
‘12 : 2 —— LHCb, -3.0<n<-2.5 —— LHCb, 2.5<n<3.0
> AuX111ary variables xexp and Qexp —— LHCb, -3.5<n<-3.0 —— LHCb, 3.0<n<3.5
o 1 6 —f— LHCb, -4.0<n<-3.5 —— LHCb, 3.5<n<4.0
° 7 and D the center of each bin QQ-: 14 LHCb, —4.5<n<-4.0 LHCb, 4.0<n<4.3
Q: ) —+— LHCb, —4.8<n<-4.5 —— LHCb, 2.0<n<2.5
o 1 = 256 GeV/02 1 —4— ALICE, -1.3<n< 0.3 —— CMS, -1.0<n<1.0
. . 0.8 Ii —— HHJ:FH £3
o Indirect study ot the evolution of R p, 0.6 e
. oAl A
with x and Q? 842L 0.75<Q§Xp<0.85 GeV?/ c?
» Continuous trend of R py, with x,,, <
. 2 Q,
at different ();,, across forward,
middle and backward rapidity
regions.
7<Q? <10 GeV/¢? 45<Q> <50 GeV?/c?
10° 10™ 10™ 10~ 102 107! 10 10 10~ 1072 107!
A exp A exXp
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Prompt charged particles in pPb and pp collisions at 5 TeV

Theory update PhysRevLett. 128 (2022)142004
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/A 0 pl‘OdllCti()n in pr COlliSi()IlS at 8.16 TeV .xiva0010608

accepted by PRL
I e/—l_é
® First 7' result in forward rapidity at LHC. | 11
* 7Y production in pPb sensitive to nPDF at low and high x ‘L&_ﬁ
® By constraining nPDFs, study nuclear effects beyond nPDFs '] g+
. Y

Charged hadron 1n pPb: large enhancement at backward rapidities

® Disentangle effects from different hadrons, help differentiate between = tiaon oa P, \/ﬁ S 16TV
contributions from nPDFs, initial state multiple scattering and final-state = 4! f\ 25 <oy <35 -
effects = | I 20< pr(r) < 2.2 CeV
e : : no | + Data '
Gateway to direct photon production measurement = 3l : —  Fit
= | +
2
O
® Construct 7¥ — yycdl

* 1.5 < p;y <10.0GeV/e
® pPb: 2.5 <95y < 3.5, Pop: —4.0 <y < — 3.0

0 100 200 300 400
M(y7y) [MeV]



7" production in pPb collisions at 8.16 TeV

Nuclear modification factor R accepted by PRL
R . Gpr
® . 3 . pPb
pp reference: interpolation 208 X 6,
between 5 and 13 TeV N N
Backward rapidity Forward rapidity
® Forward (pPb): . .
o . = 1.5r LHCb LHCb
Strong suppression = +
.. ' ojoj¢ 10— ¢ '
® Data smaller uncertainties N =mC o e % —l{'gzxm.i&
than the nPDF uncertainties 5 -
® Lower than CGC calculation | 0
05L ¢ 70 /sxn =8.16TeV, —4.0 < neay < —3.0-
o . | nCTEQ15+LHCH D°
Backward (Pbp): (71 EPPS16+LHCb D° | L
. . —— CQGC _ _ : = 8.16'TeV, 2.5 < < 3.9
® Cronin-like enhancement ) | L VO IO
2 3 4 5 6 7 8910 2 3 4 5 6 7 8910
® Larger than nPDF pr |GeV] pr |GeV]

calculations, similar to the
charged hadron result
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7" production in pPb collisions at 8.16 TeV

arXiv:2204.10608

Nuclear modification factor R p, accepted by PRL
Gpr
® . . RPPb = 208
pp reference: interpolation X Opp
between 5 and 13 TeV
Backward rapidity Forward rapidity
® Forward (pPb): . .
. . 2 1.5r LHCb LHCb
® Consistent with charged = — —— el
hadron result | | L ¢T a1t +
_ e o|®0|®O ¢ ¢ ¢ ' | _ |
® Backward (Pbp): s T | 1_fv+_
® Enhancement less |
Ercc)lnounced than Charged 05_ + 7TO, VSnn = 8.16 TeV, —4.0 < nom < —30_ _ + 7TO, syN = 8.16 TeV, 2.5 < nem < 3.5
adrons A hE e =5TeV, =35 <o < —3.0 A hE, /ey = 5TeV, 2.5 < ney < 3.0
° ° ° :|: p— —_— — j: p—
o Indlcatlng ) IIlaSS—OI'dGI’IIlg I h s A/ SNN | 5T6V,I 4.0,< 77(?1\/[ < 35 - I h s A/ SNN | 5TeV,I 3.0 < 77(31\/[' < 35 o
effect: radial flow, Cronin 2 54 o5 6 78910 2 54 o 6 78910
enhancement... pr [GeV] pr [GeV]

® Future measurements with
identified hadrons highly
interesting
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% Charged hadron long-range correlations in pPb collisions
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LHCb Pb+p \sy =5 TeV 0.15<p <1.0GeVic 1.0<p <20GeVic 20<p <3.0GeVic

® Origin of long-range rapidity correlations under

debate. 1.O<pT< 2.0 GeV/c g 0.15F .CZ.Y/:M.:;'6III(I;+.Pl;)l T CzylAM=03; ('p:rP.b)l L;ICb L L
y Event class 0-3% U/.\ o010l Czyam=2.06 (Pb+p) | Czyan=0.37 (Pb+p) | Sy =5 TeV S
® o o . . = . 1=
Initial state effects via gluon saturation | 3 " oprPbdata 4
2’ 2.247 's o Pb+p data ok
® . . . . 1. _ ,
Hydrodynamic evolution of a high density £IZ 215 0ol | |
. . L e e
partOHIC medlum g 21— \\l{;‘;"“"‘\‘ § 0-15 Czyam=2.83 (p+Pb) Czyam=0.56 (p+Pb) | Cysv=0.18 (p+Pb)
9 054 \‘\“““““v ) 0,101 Comn=401 Po+p) | Crypi=070 (Pop) | Corpy=021 (Po#p) | o
®* Oth Tz : puete N 3
CTIS... ' 3 il !
4 S: 0.05 ‘," ",' ’)..(y’h..“ ,. ] %
® LHCD di-hadron correlations in 5 TeV pPb collisions ool > A W
. . . . = : e
® First time in the forward region 2 0158 ¢, (=374 (D) | Coyn=081 (pPD) | Cpyny=023 (piPy
-1 -2 ) 0.10} Com=ST8 Po4p) | Cryy=114 (Pbip) | Cryy=026 (Pbip) |
® . . . .« . ~Na S
Ridge 1n high activity events g N, G
LHCb Pb+p |sy =5 TeV = 0.05¢ g £ N |~
1.0 < p, < 2.0GeV/c 0.00 ‘.,“.,‘..s**“.-"-':'.._w.o R WP £ <
° Event class 50-100% = 0.151 e
° . . oming soon! < Coxan=5.03 (p+Pb) | Coyan=1.19 (+Pb) | Cpya=0.29 (p+Pb)
Ongomg analyses' C g § 010l Czyan=7-81 (Pbgp) | Cryan=1.78 (Pb+p) | Cpypyy=0.36 (Pb+p) |
. . o 051 ~ % S
® Charged hadron in 5 TeV PbPb collisions: - R 2 005! |
In the forward rapidity region 3 .4 0.00 et
® 1 : | & o 50'15 [ Croan=5.67 (p+Pb) | Cryan=1.39 (p+Pb) | CZY;M:O.32I(p+Pb)I '
IIlCU.dCS dlI'CCted ﬂOW ) Czyam=38.03 (Pbip) Czyam=2.07 (Pb+p) Czyam=0.40 (Pb+p)
Z. Q o0.10f 3 1 @ 1 | s
-4 ~ PN &
® . 3 .
Charged hadron and heavy tlavor in 8.16 TeV pPb = 005} F e ﬁ ! I<
collisions: O

L e e
Ao Ao Ao

PHYS. LETT. B762 (2016) 473

® High statistics



Conclusion
Thank you for the attention!

» LHCD has unique capabilities to study phenomena at very low Bjorken-x

> Precision measurements of A~, 7 production in pPb collisions
» Forward rapidity: precisely pin down nPDF at small x

» Backward rapidity: models cannot reproduce data, additional effects beyond nPDF

» Collectivity results 1n forward rapidities coming soon!

» Run3 with a major detector upgrade opens more opportunities

» Much larger pPb sample
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» Acceptance: 2 <7 <5
» Vertex detector (VELO)
e IP resolution ~ 20um

» Tracking system

A
Lo 05-1%
p
(5-200 GeV/c)
» RICH

e K/7/p seperation

» Electromagnetic + hadronic
calorimeters

» Muon system

» Results presented 1n this talk are
based on this configuration

Already upgraded for Run3! more later

LLHCDb detector

» A single arm spectrometer in forward rapidity, optimized
1n measuring particles containing s, ¢ or b quark.
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%l& Prompt charged particles in pPb and pp collisions at 5 TeV

Nuclear modification factor Rppb PhysRevLett. 128 (2022)142004
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7" production in pPb collisions at 8.16TeV

70 differential cross-sections accepted by PRL

® pp reference for R p: interpolation between 5 and
13TeV
Gpr
Rpen = 208 X o
PP

L $ pPb, snn = 8.16TeV =%

100? ¥ 208 X pp, /5 =5TeV —=
b 208 x pp, /s = 13TeV

LHCb | 2,5I< 77ICMI<I3-5I
10° =
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LHCD phase-1 upgrade CHORTDR.
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Full software trigger New tracKing systems: New electronics fox_calorimeter

Stlicon upstream tracker (UT) and muon chambers
cintillating tracking fiber (SciFi)

® Remove L0 hardware triggers

® Read out full detector at 40MHz

[ . . .
pp requirements: 40MHz collision Side View
rate, pile-up factor ~5 ECAL Rl M4 MS
M3 —
New Pixel VELO SciFi ~ RICH2 M2 ™
Tracker ———
= [ i
. !g_.iil v
ﬂ"i%i
§: \ -
E -
h W | / —
an o E_ -; I

New RICH optics and photodetectors



Talk by S. Mariani
SMOG2 7 July 10:10
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e SMOG?2: Storage Cell for the gas upstream of the nominal IP (z 1n ,

[-500, -300] mm) and precisely calibrated Gas Feed System.

e (as density increased by up to two orders of magnitude —
much higher luminosity LHCb-TDR-020

e More gas targets: Ho, D2, He, N2, Oz, Ne, Ar, Kr, Xe
e beam-beam and beam-gas separate luminous regions:
— simultaneous pp-SMOG?2 data-taking

— large statistics

e Physics: LHCb-PUB-2018-015 No centrahity

limitation!
e Intrinsic heavy-quark

e p-Gas collisions: nPDFs, gluon anti-shadowing at large x, cold
nuclear matter effects

e Pb-Gas collisions: QGP formation, rapidity scan at lower
energy

e Astrophysics
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