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Introduction: Why this paper?

2 CNM baselines for light-ion collisions

Light-ion workshop 2025 discussion session (Carlota Andreas et al)

Key goals of this work:
Goal 1: Provide a comprehensive set of pQCD predictions for CNM effects in light-ion collisions

Goal 2: Introduce observables in which CNM effects are reduced, guiding experimental searches for jet quenching

No quenching baselines that include nPDF effects are essential for a quantitative assessment of jet quenching in light-ion systems

https://indico.cern.ch/event/1597414/contributions/6780506/attachments/3184812/5666217/20251129_LightIon_DiscussionSession.pdf
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“Nuclear PDFs after the first decade of LHC data”

3 CNM baselines for light-ion collisions

๏ A decade of LHC data provided significant 
constraints for nPDF in novel phase space 

๏ Increase of exp. data included in global fits:  
EPS09 ( )  EPPS21 ( ) 

๏ Sizeable gluon shadowing at low- , but slight 
tension between different global fits

Ndat = 929 → Ndat = 2077

x

low-  shadowingx

Anti shadowing

Coverage of lepton-A, pion-A and proton-A data in nPDFs

First decade of LHC data!

M. Klasen & H. Paukkunen 
Ann.Rev.Nucl.Part.Sci. 74 (2024) 1, 49-87
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Status quo: Nuclear PDFs of oxygen

4 CNM baselines for light-ion collisions
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RA
i (x, Q2) =

fA
i (x, Q2)

f p
i (x, Q2)

๏ Ratio  quantifies modification of PDF in nucleus vs. free-proton baseline 

๏ None of the nPDFs use Oxygen data directly  assuming functional form of -dependence and interpolating to Oxygen 

๏ Sizable modifications observed but also sizable uncertainties

RA
i (x, Q2)

→ A

Obtained using LHAPDF6 library
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A-dependence of nPDFs

5 CNM baselines for light-ion collisions
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๏ For EPPS21, nCTEQ15HQ and TUJU21: 

๏ A-dependence introduced in global fit as an 
analytical parametrization at starting scale  

๏ A-dependence might not be strictly monotonic 
after evolution in  

๏ For nNNPDF30: 

๏ A-dependence introduced directly in the neural 
net component  

๏ Significant differences in dependence of 
nPDFs AND their uncertainties 

๏ the right parametrization of the -dependence is 
not known

Q0

Q

A−

A

Experimental data in pO collisions is crucial 
to improve our knowledge of the A 

dependence of CNM effects
He-3 He-4 Li Be C O Al Ca Fe Cu Ag Sn W Pt Au Pb
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DIS DY/W/Z hadr. Counting ratios A1/A2 only for the heavier nucleus

Data used in EPPS21

Gluon suppression  and  x = 0.001 Q2 = 100 GeV2

Obtained using LHAPDF6 library

Plot by Petja Paakkinen 
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A-dependence of nPDFs
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Plot by Petja Paakkinen 
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Comprehensive set of pQCD baseline predictions
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Goal 1: Provide a comprehensive set of pQCD predictions for CNM effects in light-ion collisions
๏ Sizable modification due to CNM for all observables 

๏ Large nPDF uncertainties are dominant uncertainty for pQCD calculations

๏ Predictions for all most recent nPDFs available “on the market” 

๏ All calculations done at NLO & publicly available for download!
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Comprehensive set of pQCD baseline predictions
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Goal 1: Provide a comprehensive set of pQCD predictions for CNM eff
๏ Sizable modifi

๏ Large nPDF uncertainties are dominant uncertainty for pQCD calculations

๏ Predictions for all most recent nPDFs available “on the market” 

๏ All calculations done at NLO & publicly available for download!
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Example: Charged hadron nuclear modification factors

Sizable nPDF uncertainties translate to hadron RAA

Limits interpretation of nuclear modification factor in search for energy loss

Can we find observables in which impact of CNM effects is reduced?
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https://github.com/fjonasALICE/pQCDLightIon
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๏ Sizable nPDF uncertainties remain (may exceed 10%) 

๏ Reason: different flavor sensitivity & different  sensitivityx
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๏ Good cancellation of nPDF uncertainties ( %* remain) 

๏ High potential for cancellation of experimental uncertainties

∼ 2

Hadron to electroweak-boson ratios
Related approach used by 
PHENIX to determine  

see Phys.Rev.Lett. 134 
(2025) 2, 022302

Ncoll

*per nPDF
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OO to pO ratios: S1
OO = ROO(5.36)/R2

pO(5.36)
๏ The ratio  is proposed as an observable to cancel CNM effects, following Phys. Rev. C 81(2010) 044903 and 

JHEP 06 (2015) 055 

๏ In the ideal case (same  and same ) the cancellation of CNM effects is excellent (within numerical precision) 

๏ Considering the pO system is boosted by , ratio deviates a few percent from unity but still excellent cancellation 

๏ Problem: There is no pO data at  TeV!

S = ROO/R2
pO

s y

Δy ≈ 0.35

s = 5.36

Boost of pO

4 5 6 8 10 15 20 30 50 70 100
pT (GeV/c)

0.98

1.00

1.02

1.04

1.06

S
1 O

O

ROO(5.36)/R2
pO(5.36), |y§| < 0.8

h±

EPPS21
nCTEQ15HQ
nNNPDF30
TUJU21nlo

4 5 6 8 10 15 20 30 50 70 100
pT (GeV/c)

0.98

1.00

1.02

1.04

1.06

S
1 O

O

ROO(5.36)/R2
pO(5.36), |y| < 0.8

h±

EPPS21
nCTEQ15HQ
nNNPDF30
TUJU21nlo

4 5 6 8 10 15 20 30 50 70 100
pT (GeV/c)

0.980

0.985

0.990

0.995

1.000

1.005

1.010

æ
(°

1.
15

<
y

<
0.

45
)/

æ
(°

0.
8

<
y

<
0.

8)

p
s = 5.36 TeV

h±

CT18ANLO

Only numerical fluctuations remain

centre-of-mass frame lab frame



Florian Jonas & CL, AM, PP, NS10 CNM baselines for light-ion collisions

๏ Assuming the availability of a (potentially interpolated) pp reference at 9.62 TeV one can construct: s =

S2
OO =

ROO(5.36)
RpO(9.62)2

=

dσOO(5.36)
dpT

dσpp(9.62)

dpT

dσpp(9.62)

dpT

dσpO(9.62)

dpT

dσpO(9.62)

dpT

dσpp(5.36)

dpT

๏ Very promising for experimental searches: few-percent level nPDF uncertainties and small scale uncertainties! 

๏ Cancellation is better in in lab frame: higher   lower  vs. boost  higher  (competing effects cancel partially)s → x → x
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OO to pO ratios: S2
OO = ROO(5.36)/R2

pO(9.62)

 measured by ALICES2
OO

See talk by N. Strangmann

arXiv:2606.19967 (accepted PRL)
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OO to pO ratios: Mixed-energy RpO
๏ What if we do not want to interpolate our pp reference? What if we just use whatever pp baseline we have available? 
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If one mixes centre-of-mass energies, the ratio  using pp at  TeV is preferable S4
OO s = 13.6

Large scale uncertainty 



Florian Jonas & CL, AM, PP, NS12 CNM baselines for light-ion collisions

A few words on measurements at forward rapidities

๏ If not, one over-/undercompensates for the low-  
structure of the nucleus 

๏ Effect of up to 20% at low pt (neglecting boost) 

๏ LHC only provided pO collisions in 2025 (p going 
in pos  direction, aka negative rapidity in ALICE 
convention)
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๏ When performing a measurement at forward 
rapidities,  has to be constructed as S1
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๏ Differences of CNM between Neon and Oxygen at most 1% and high cancellation of uncertainties 

๏ However, energy loss will also largely cancel! Assuming  and    
(5% energy loss is signal)

ROO ≈ 0.7 1 − RAA ∝ A1/3 ⇒ RNeNe/ROO ≈ 0.95

Similar approach used by LHCb 
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High experimental precision needed to find e-loss signal
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arXiv:2605.2727

https://arxiv.org/abs/2605.27273
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Summary

๏ Charged hadron production calculated at NLO using INCNLO 

๏ EW boson production calculated at NLO using MCFM 

๏ Prompt photon production calculated at NLO using JETPHOX 

14 CNM baselines for light-ion collisions

Goal 1: Provide a comprehensive set of pQCD predictions for CNM effects in light-ion collisions

 sizable suppression and sizable uncertainties of nPDF baslines due to lack of oxygen data in global fits⇒

Goal 2: Introduce observables in which CNM effects are reduced, guiding experimental searches for jet quenching

๏ Double ratio  offers good cancellation of CNM effects; preferred over ratio w.r.t Z boson 

๏ pO-based double ratios  offer excellent cancellation for CNM effects 

๏ Oxygen/Neon double ratios: allow for high cancellation of CNM effects but jet quenching signal also partially cancels  

Rπ0/γ
OO (pT)

S = ROO/R2
pO

 the proposed observables may (and have been) used to search for jet quenching in light-ion collisions⇒
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Overview of (n)PDFs used in this work

16 CNM baselines for light-ion collisions
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Projections for  and  boson measurementsW± Z

17 CNM baselines for light-ion collisions
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Key features of recent nPDFs

18 CNM baselines for light-ion collisions

Taken from                         
Ann.Rev.Nucl.Part.Sci. 74 (2024) 1, 49-87


