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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://arxiv.org/abs/2204.10608

Accessing low-x phenomena

°Q2: exchanged moments between interacting partons 10— e
, , | BN LHCb (pPb) HEEE PHENIX ( pAu)
* x: momentum fraction of the parton with respect to nucleus | mmm LHCb (Pbp) EEE PHENIX (Au p)
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eLHCDb coverage | | Forward, 1 ” < x < 10 Cg |
&€ « Backward, 103 < x < 107! |
|
Unique acces to low-x physics |
LHCDb particular capabilities T I _ S e
. 10 10 10 10 10 10 10
* Charged and neutral hadron production at small-x | X

e Capability to study one system in a wide range of x values:
* Forward/Backward comparison
* Possible access to the saturation region —Non-lineal dynamics

fOrWard
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Low-X phenomena

* QCD evolution with In(1/x) is modeled by BFKL equations Color Glass Cond QC.D effective .ﬁeld theory which includes:
e Due to unitarity, the saturation of gluon PDF’s is required |[=2'9F221d33 2-ON ensate|e Linear BFKL evolution z::

* Non-linear process;saturation
e Nuclear effects can be measured with the nuclear modification factor:

1 dzUpr(’?,PT)/ dprdn b >aturation
R,pp(n.P1) = —— , A =208 q
A d Gpp(napT)/dedn \l\//}\
2.0 o
. e
CT18 at 2 GeV
X
1.5 - Dilute system
-
- [
o >
xX 1.0
=
X
0.5
>
0.0 = 2 2 2
10° 10% 10° 107 10" 02 05 0.9 " Yaco na
Phys.Rev.D 103 (2021) 1,014013 X Ann.Rev.Nucl.Part.Sci.60:463-489,2010
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https://www.annualreviews.org/doi/10.1146/annurev.nucl.010909.083629
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.014013

About LHCDb

LHCb experiment //\\
e General purpose detector JINST 3 (2008) S08005 ha

/7 N
* Single-arm fully instrumented spectrometer in - \
;/] E [2, 5] Mag RICstPI\]?I/IPS M2 - 1\14
* pp, pPb, PbPb and fixed target modes v, S ¥ ¢ -

* Momentum resolution:
Ap/lp=05-1%,p € [2,200] GeV/c
* Primary vertex resolution: € [10, 35] um

* ECAL energy resolution: arXiv:2008.1 1556

13.5%/\EIGeV @ 5.2% & (0.32GeV)/E
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https://arxiv.org/abs/2008.11556
http://dx.doi.org/10.1088/1748-0221/3/08/S08005

Charged hadron production in pPb and pp

A

1 d%c.p,(n, pp)/dp,dn PhysRevLett.128.142004
Nuclear modification factor R ,,(7,p;) = pro o T , A =208

A dzdpp(;/]a pT)/dedﬂ

Prompt charged particles cross section

dc 1 NCh(n, pr) N°" : Prompt charged particle yield
= - < Integrated luminosity of the dataset
dprdn £ AprAn An, Ap; : Bin size

Mean proper lifetime, 7, larger than 7 > 1 cm/c:
. - K- p. 2 3t Y O . e~ u-
Prompt charged particles | 7 - K. p, =, 27,27, Q7 e, u~(+cc)
e Produced in primary interaction or without long-lived ancestors

Vi = 5 TeV, Datasets: g A ccentance Luminosity
2015[ pp 2< 1 <48 3.49+ 0.07nb 1

pPb 16<! <43 | 4273+ 0.98ub' 1

Pbp | ! 52<! <125/ 3871+ 0.97ub'!

2013
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://cds.cern.ch/record/2270008?ln=es

Charged hadron production in pPb and pp

T stations  PhysRevlett.128.142004

e N measured with long tracks with: w
TT T track
p>2GeV/c, 0.2 <pr<38GeV/c VELO
upstream track f
candidates P ||||||||>§4H:~F (long track)
Non =10 3 VELO Yrack | T~ N

reco€sel
\
o Ncandzdates - selected | ong tracks downstream track

Figure from JINST 10 (2015) 02, P02007

e P:signal purit
S Uncertainty source PPb [%] PPb [7%] pp %]
* £..:reconstruction efficiency (forward) (backward)
Track-finding efficiency | 1.5 — 5.0 1.5 - 5.0 1.6 — 5.3
o ¢ selection efficiency Detector occupancy 0.0-28 06-29 01-16
Particle composition 04 -41 04 - 46 03 - 24
Selection efficiency 0.7 -22 07- 30 1.0 - 1.7
Dominated by two systematic uncertainties: Signal purity 0.1 - 1.8 0.1 -11.7 0.1 - 5.8
. . . Luminosity | 2.3 2.5 20
* Particle fraction (7, K, p) abundance in pPb Statistical uncertainty | 0.0 ~ 0.6 0.0 — 1.0 0.0 ~ L.
* Tracking efficiency and purity in boundary (#, p;) bins Total (in d%c/dndpr) [(3.0 — 6.7 3.3 —14.5 2.8 — 8.7
Total (in R,pp) 42 - 9.2 4.4 -16.9
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https://iopscience.iop.org/article/10.1088/1748-0221/10/02/P02007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Charged hadron production

Prompt charged particles cross section results:

NCh(’?»PT)

d*c

1

dprdn - Z AprAn

PhysRevlett.|128.142004

‘_."_I LB L L 1 T 11 ||||-]
o 10 LHCb LHCb LHCb E
% PP, VS =5 TeVix Lo pPb, ys,y=5 TeV ~ pPb, VSun=5 TeV:
0) Prompt charge e Prompt charged He.. Prompt charged
; 10° = particles **%% particles m%ﬁ particles 3

S = i =

[ ,, g =
o103k " ! 208 #, g 2 .
© ] :
5 L k- 2.0¢#<2.5 nea% <+ 1.69<2.0 - $3.09<$2.5 % ]
S i i i -
£ 107k ¢ 2.5%<3.0 ae% - 2.04#<2.5 iz “F $3.5%<$3.0  Jie: i
3.0<#<3.5 i 2.5<#<3.0 $4.0<#<%$3.5 HVH -
10 3.5¢<4.0 Lh - 3.044<3.5 rLh —A— $4 5<#<$4.0 ET
e £ o
A 4.0<¢#<4.5 3.5<#<4.0 - $4.84<$4.5 ]

A A
1F 4 4 5atcas 7Y 40943 + $5.2<$4.8 - '1
L3 11311l o1 L1 11111l 1 1 ||||||| L1 1111l 1 1 |||||||

1 10 1 10 1 10
p. [GeV/c] p. [GeV/c] p. [GeV/c]

LHCb pp
Vs =13TeV
5.4nb~1

model
data

100
JHEP 01 (2022) 166

e Also measurement at

* Down to very low p;

G
PT [MeV/C]

To¢

syy = 13 TeV for pp

DI1S2022

Imanol Corredoira

Studies of low-x phenomena with the LHCb detector


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://link.springer.com/article/10.1007/JHEP01(2022)166

Charged hadrons R, ,,: Forward

1 d°o,p,(n, pp)/dprdn PhysRevLett. 128.142004
o Nuclear modification factor results: R, p,(17, py) = > ad e . A =208 ' .

A d Gpp(rla PT)/dPTdn
e Strong suppression ( ~ (0.3) at forward and low p; Models:

e EPPS16+DDS: |[HEP09(2014)138
e CGC (LO): PhysRevD.88.114020
e CGC NLO:Better agrement arXiv:2112.06975

* Growing up to | at high p;
* High precision in comparison with theoretical calculations

| EPPS16+DDS
— CGC

Prompt charged
particles

Y
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https://link.springer.com/article/10.1007/JHEP09(2014)138#citeas
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.114020
https://arxiv.org/abs/2112.06975
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Charged hadrons K p,: Backward

A

PhysRevLett.|128.142004

Models:
 Enhancement at backwards, p, > 1.5 GeV/c ¢ EPPS16+DDS: JHEP09(2014)138
* Pseudo-rapidity dependent shape * Undervalues enhancement effect
* No current model describe data ° : PR D88(2013) 054010

* Multiple scattering effects
* Reproduces tendency at most backward region and p, > 2.5 GeV/c

EPPS16+DDS

& oy e DQCD+MS
= 13 “H*H— +”H"‘H"‘H‘— o hﬂ:ﬂ*ﬂﬂ_ﬂ;—r *TH"H‘_E:_'# &-Hlﬂd
1 ///// Sttt . /// Wil ,/// /= .V///////////////////% ,/////////)}/}%
06 *,‘ ¢ ; ' /
- "4.84 <"4.5

2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
p_ [GeVic] p_ [GeVic] p_ [GeVic] p_ [GeVic] p_ [GeVic]
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https://link.springer.com/article/10.1007/JHEP09(2014)138#citeas
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054010
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Charged hadrons: R, p,(x,,,,. ezxp)
Qexp

e Approximations to (x, O?)
5 , B pproximations to (x,
=m*+ prand Aexp = \/%e * (1, py) the center of each bin

—— LHCb, 13.0<¢'<! 2.5 —— LHCb, 2.5¢'<3.0
—— LHCb, !3.5<'<! 3.0 —— LHCb, 3.0<' <3.5q
—— LHCb, !14.0<'<! 3.5 —— LHCb, 3.5<'<4.0¢ | HCb

LHCb, 14.5<'<1 4.0 LHCb, 4.0¢' <4.3% \[§ =5 TeV

[ < <l & I _
—— LHCb, 14.8<'<! 45 —— LHCb, 2.0<'<2.9% Prompt charged partlcle;gj* s
—4— ALICE, 11.3<¢'< 0.3 —— CMS, !11.0<'<1.0% s

PhysRevl ett.|28.142004

2
exp

v
e Averaged mass,m = 256 MeV

Rpr
el

o Continuous evolution of R p;, with x,,, between

T A
] =Y

L

backward, central and forward region
| HCb data expands the tendency in the

0.75<Q§Xp<o.85 GeV/ c2
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004

Neutral pion production in pPb and pp

* Neutral pion production is important first step to perform direct photon measurements arXiv:2204.1060¢
e Particularly sensitive to cold nuclear matter (CNM) effects —nuclear parton distribution functions (nPDFs)
e First z’production measurement in forward and backward rapidities at LHC

Data sets:
o pPb and Pbp data at , /sy = 8.16 TeV

o reference constructed with and interpolation between  /sxnv = 35 TeV and  /savv = 13 TeV
PP > N N

Technique:

* Reconstructing the neutral pion with photon and photon,

7’ — y™ycdl _5 Better momentum resolution than using only ECAL

o Use 7¥ — yy<dl 35 cross-check and efficiency calibration

+

€

Kinematic coverage:

e 1.5 <p;r<10.0GeV/c
e 2.5 < 1n < 3.5 —->Both photons in the detector
e 40<y<—-30

calll

5
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https://arxiv.org/abs/2204.10608

Neutral pion production in pPb and pp

arxiv:2204.10608
o ¥ yields extracted from binned maximum likelihood fits to di-photon mass spectra in bins of the 7" D7

* Two-sided Crystal Ball:
* Tail parameters from MC | 10F

e Gaussian parameters are left free ’q;': e . Pb, " s = 8.16TeV :
e Correlated: 7"s are produced in a jet with other z”s &4: ‘\ 50 <22 <(#(§3M<<23£5(3eV1
Combinatorial background: fe Uncorrelated: Combining converted photons with 3 | Al _T+_ Data |
ECAL photos from uncorrelated underlying event S 3 ; — Fit
l o | Jf Comb.
Modeled using charged tracks from MC S 2: BN Brem.

Bremsstrahlung: Combination of converted photons with bremsstrahlung radiation

| !

0 100 200 300 400

* Both background models are validated by fitting to only-background MC M () [MeV]

e Data corrected by reconstruction efficiency and finite momentum resolution using MC
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https://arxiv.org/abs/2204.10608

Neutral pion production in pPb and pp

do

* Neutral pion cross-section result, e
Pt

e Total uncertainty less than 6 % in most p, intervals:
* Main systematic uncertainty sources:

* Fit model and pp interpolation

71.0

Source d/dpr [%] Rppp [%0]
Fit model 20P126  09P158]
Unfolding 0.3b6&4 0.4b6&4
Interpolation ) 0.9D45 |
Material 4.0 |

E! clency 13D19 1.9D21
Luminosity 2.0D26 2.2D23
Total systematic 54150 43bl74
Statistical 1.0D9% 1.4D91
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https://arxiv.org/abs/2204.10608

Neutral pion i, 5,: Forward

| do,pp/dpr ;;il.so% LHCb
R . (pr) = , A =208 |
PP o1 A dd / de 1_25
VO A A Affff e fo e Lol LBl L
e Suppression down to 0.6 - ,
* Compatible with charged hadron results 0.75 % X s ofeseh X
050 10 5 = e < "eom <
Comparing with theory T SweBA6Te. 25 35
0.25 <~ ncTEQIS

e CGC LO underestimates suppression, but follows the tendency
Phys. Rev. D 88, 14020

®* In agreement with NLO pQCD nPDFs (reweighted with LHCb pY data)
JHEP1710(2017)090 JHEP05(2020)037

e Constrain nPDFs computation at low p
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2150 LHCb

—— CGC

1.25

100‘ --------------------------- l-_t_\—--L--____T ______
: A 3 v §
0.75 R LoDy
0.50
! |
¢ 10 S\W=8.16TeV, 25< "oy < 35
0.25 -+ hi,; S\w=5TeV,25< "y < 3.0
| ht,  Syn=5TeV, 3.0< "oy < 35 .
2 3 4 5 6 7 8910
arXiv:2204.10608pt [GeV]
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https://arxiv.org/abs/2204.10608
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.114020
https://link.springer.com/article/10.1007/JHEP10(2017)090
https://link.springer.com/article/10.1007/JHEP05(2020)037

Neutral pion i,,,: Backward

1 do p./dp
R,py(Pr) = — = Ta A =208
A dgpp/de

* Enhancement of z'production in pPb with respect to
pp in backward region at intermediate p; —
* [ ess pronounced than in charged particles:

° consistent with
radial flow or baryon enhancement from final state recombination

Comparing with theory
* Excess over reweighted nPDFs predictions:
JHEP1710(2017)090 JHEP05(2020)037
. to enhancement ?

L2 olele 1 ¢ + ¢ +
I o|®|®

0.75°

0.50;

i I

¢ 10 5y =8.16TeV," 40< "oy < " 3.0
0.25 7~ EPPS16+LHCH DO

" nCTEQI5+LHCb D°

" 150% LHCb

| A ; =]
1.25 e i |} Y =
100; :E.T.00¢¢+++¢ ¢ ; ; +
. U e it
0.75
0.50;

¢ !0 SWw=8.16TeV," 40< "cy <" 3.0
*, Sw=5TeV, "35< "cy<"30

ht, syn=5TeV, "40< "cu< " 35 _

2 3 4 5 6 7 8 910

arxiv:2204.10608 pr [GeV]
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https://link.springer.com/article/10.1007/JHEP05(2020)037
https://arxiv.org/abs/2204.10608
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Direct y-hadron correlation e

* One of the most direct ways to access the gluon PDF
* |Inverse Compton signal will show up as an away-side peak in y-hadron correlations
* Minimal activity around the photon, isolated photon

:: e AN, Compton or direct dN~h R
| dag dA¢
q\\
+Background
Y Ad > g R
/(égg | | \ |
g \] | | 4 I >
\ \\< }]? 0 T Ag 0 v A¢
p B 2 r LHCD Simulation
h s L Bacl d:
2 pTy>4GeV/c dC (grOun .
O 1500— :
. ] photons from neutrals e Neutral decays
- m photons in reconstructed n° .
i [@Direct photon * Fragmentation
. o 1000 —
Boost Decision Tree for Isolated Photons - * Bremsstrahlung
- * Thermal

500

° 0.5 0 0.5 1
BDT isolated vy
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Summary

| HCb measurements provided unique access to low-x physics:
e Measurement of charged hadron production in pPb and pp collisions,

PhysRevlLett.|28.142004

e Measurement of 7 production in pPb and pp collisions, arXiv:2204.10608

—> Compatible results from different approach +—

* Precise data to:
e Constrain nPDF’s —Better modeling nuclear effects
* Tune saturation models and non-lineal effects
e Understand enhancement in x ~ 1072

More LHCDb results will come in the future —Stay tuned

icorredo(@cern.ch
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142004
https://arxiv.org/abs/2204.10608
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LHCDb constrains in nPDFs “n,,

* [mpact of LHCb measurements in the nNNPDFs arXiv:2201.12363
e From LHCb D" production in pPb at | /syy = 5 TeV

JHEP10(2017)090

o Important reduction of uncertainties down to x ~ 107°. Specially nPDFs
£ NIA) (.
R1$A)(X’Q) | ~ (il ZC)?) 14+ 1 Lead *Pb 1.4 @ 14 S
£ (P (x,Q) + = f (N(x,Q) * ~—— nNNPDF3.0 (no LHCID) ' '
19l — nNNPDF3.0 10l 10l
<. 10
o
0.8
0.6¢
>
Using neural networks (NN -
5 (NN) R et 1.4 14 9
19 | - 68% CL 10l 19
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